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For Less De cme Financing 


ECENTLY several New York newspapers car- 
ried this advertisement of a savings bank: 
THERE’S AN OLD WAY AND A NEW WAY TO 
BORROW MORTGAGE MONEY 
Suppose you borrow $5,000 on your property. 
There are two ways to handle that debt—an 


old-fashioned, costly way—a new, economical, 
sensible way. 


The old, fixed mortgage plan: 
1. You borrow $5,000 
2. You pay $275 in interest every year 
3.In 25 years you have paid $6,875 in interest 
4. After 25 years you still owe $5,000 


The new and better amortized mortgage plan: 
1. You borrow 


2. Every three months you pay $50 to reduce the prin- 
cipal debt 


3. Each time you reduce the principal you also reduce 
the interest 


4.In 25 years you only pay $3,472.25 in interest 
5. And after 25 years you owe nothing 


HIS ADVERTISEMENT speaks especially to 

small home owners. But what it says has a much 
broader application and touches one of the factors 
that are responsible for our recurrent economic 
disturbances. 

The home owner is not the only one who suffers 
because he has been taught by those who should 
know better that debts need not be paid off, that 
they can be indefinitely stalled or, in the jargon of 
high finance, refunded. The principle here laid 
down should be pondered by every user of capital 
—industrialists, building owners, railroad and 
utility operators as well as home-owners—and by 
every investor whose capital they seek. 


HE interminable refunding of old debt, the pil- 

ing of new debt for necessary improvements on 
top of old debt that represents vanished values, the 
naive assumption that the creation of new corporate 
units with new obligations (all based on the same 
old productive facilities) somehow justifies the 
added debt—all these remind us vividly of the in- 
comparable Wilkins Micawber and his bland as- 
sumption that when he delivered a new I.0.U. he 
thereby liquidated his indebtedness. We smile at 
Micawber but his financial technique too often has 
dominated American financial practice. 

Much of this madness stems from a failure to 
recognize that the essential difference between con- 
sumable goods and capital goods is one of time. 
We all know that the former are quickly used up; 
therefore we must pay for them out of current in- 
come. But we seem to cherish the delusion that the 
latter last forever; therefore we need never pay 
for them. We do not seem to see that on the very 


instant they come into being they begin to pass into 
consumption. Whether they last for five years or 
fifty years the debt incurred to create them must be 
extinguished within that period. Otherwise our 
economy is bound to get out of whack and we must 


suffer these periodical orgies of repudiation that 
we call depression. 


E seem to forget also that, aside from wear 

and tear, capital goods are subject to a more 
insidious and often a more speedy form of con- 
sumption. That is obsolescence, that subtle in- 
fluence which may attack values so imperceptibly 
that long after the meat has been sucked from the 
investment, the bones of debt remain, a blight on 
the efforts of the most competent management to 
prosper or survive against less encumbered com- 
petition. 

Of the debt so blithely incurred for sheer 
speculation, no account need be taken here. That, 
of course, produces nothing of value and is but a 
gratuitous tax on the actual producers and produc- 
tive capacity of the country. It is an economic 
plague and should be dealt with as such. Here we 
are considering only productive debt which pro- 
vides truly productive facilities that add to our 
wealth, employment, incomes and earned profits, 
that are responsible for higher standards of living 
and for our consistent conquest of scarcity. But if 
we are to push that conquest we must learn how to 
cut the losses that are inherent in these periodical 
purges: we must learn that new issues of securities 
do not necessarily create new wealth—they may be 
but added claims against existing wealth, that cap- 
ital facilities are consumed just as truly as are food 
and clothing and debt incurred to create them must 
be retired within their productive lives, that every 
corporate and financial device that obscures these 
fundamentals is a menace to the survival of our 
economic order. 


O ONE should be more deeply concerned 

about all this than those whose business it is 
to design and build the capital facilities that are so 
necessary to modern life. While we take heart 
from the evidence of returning sanity revealed in 
this advertisement, we must do all we can to keep 
these principles before those who provide and use 
capital for productive purposes and to write them 
into the financial and corporate law of the land. 
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THEY’LL TAKE IT 


@ When you're driving CB Bearing Piles, you 
know what your conditions are at all times. The 
steel has predetermined physical qualities. [t 
isn’t subject to splitting or shattering even under 
hard driving conditions . . . and steel piles will 
penetrate in rocky, gravelly soil. 


Experience with CB Bearing Piles merits your 
investigation in any situation where the character 
of the soil presents unusual driving difficulties. 
Further data will be supplied upon request. 


IN SPOTS LIKE THIS... 


Where unforeseen soil conditions are encountered 
far underground, you can drive CB Bearings to 
substantial footings confident in the knowledge 
that no damage can be done fo the piles which 
will affect their long life or their load capacity. 
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BY JOHN F. STEVENS 






In The News: 


THE Movare Dao on the Orba River in 
Italy failed on Aug. 13 with a large loss 
of life reported. Information as to the 
cause of failure is not available, but the 
whole region suffered from an abnormal 
storm, according to the Associated Press 
report. A brief description of the dam is 
given in the news pages of this issue. 


AN ALLOTMENT of more than $2,000,000 
has been made from WPA funds to the 
Corps of Engineers for flood-control work 
in five states in the south and central 
parts of the country. 


HicH WInps aT HALeTHORPE, Mb., un- 
roofed the Transportation Building, a 
structure put up in 1927 for the Baltimore 
& Ohio’s Fair of the Iron Horse, Exten- 
sive damage was done to exhibits by the 
collapse of the walls and by the roof. 


Tue Last Gap in the 66-mile levee en- 
circling the southern end of Lake Okee- 
chobee in Florida has been filled, thus 
bringing that $17,000,000 flood-control 
project another step toward completion. 
Some gaps remain to be closed in other 
sections. 


Tue Last of the 25 footbridge cables 
for the Golden Gate Bridge was placed 
on Aug. 15. Each is 1y% in. in diameter 
and 4,274 ft. long. 


As A First STEP in a movement to obtain 
a more abundant supply of water for 
domestic purposes, Salt Lake City, Provo 
and Orem have voted to set up metropoli- 
tan water districts under an act recently 
passed by the Utah legislature. 


Parker DAM appears to be assured to 
the Southern Californians, the conference 
report on the Rivers and Harbors Bill 
which carries an amendment making the 


Final Year of Wheeler Dam Construction 


Floor Plan of Low-Cost Brick House 








Current News 


FORT PECK DAM 


The many and widely varied con- 
struction operations now in progress 
at Fort Peck, Mont., in driving the 
diversion tunnels for the Missouri 
River and in building the largest 
hydraulic-fill dam yet undertaken 
will be described in articles to be 
published next week—Aug. 29. The 
entire issue will be given over to a 
group of timely and authoritative 
articles. 



























dam perfectly legal having been approved 
by the House of Representatives on Mon- 
day. 


SIGNS OF Betrer Times are found in the 
increase in projects put forward for PWA 
financifig on a loan-and-grant basis rather 
than as an outright gift in the form of a 
WPA project, with all the strings that 
are attached. More than 3,000 projects 
totaling $750,000,000 have beer filed with 
the PWA. 


In This Issue: 


PowerFuL Tipes and frequent storms 
made construction of the south pier of the 
Golden Gate Bridge a most difficult prob- 
lem. How it was accomplished in deep 
water 1,100 ft. offshore is described by 
Russell G. Cone, the resident engineer. 


TuIn Stass made of brick grouted to 
metal lath have shown remarkably high 
strengths in tests conducted at New York. 


Joun F. Stevens, in the second article 
on “Early Days at Panama,” tells of the 
preparations made for construction oper- 
ations on a scale never before attempted. 
His policy for obtaining efficient adminis- 
tration is set forth in succinct phrases. 


Wueeer DaoM on the Tennesse River is 
entering the final year of construction. 
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Unusual elements of the work are re- 
viewed in this issue. 


THe Lire or LonG TimBer TRESTLES on 
the Old Spanish Trail, built in 1916, has 
been extended by substituting concrete for 
timber decks. Load limitations called for 
an unusual slab design. 


A TRESTLE-TYPE Quay built of concrete 
at Parkeston, England, marks a further 
step away from the massive type of struc- 
ture heretofore favored in Europe. 


As INSURANCE, against further delay in 
driving the San Jacinto tunnel on the 
Colorado River Aqueduct, the water dis- 
trict has built two remote-control pump- 
ing stations at the shaft bottoms. They 
are unusual both in size and in complete- 
ness of the provisions against failure. 


NATURE has joined hands with man in 
changing the character of long reaches of 
the Missouri River. How this has come 
about is reviewed by Roy N. Tow! in tell- 
ing of the river shortening that has taken 
place in the past century. 


Tue Book Review Section for August 
contains an unusual contribution. Leon S. 
Moisseiff comments on a Russian report 
on the construction of the piers of the 
Saratov Bridge. The book indicates how 
Russia can be looked to as a future source 
of much information of value to engineers. 
Language difficulties now stand as a great 
barrier to fuller exchange of experiences. 


Coming Articles: 


THe REMARKABLE CRIB CONSTRUCTION 
employed in building the south cofferdam 
in the swift waters of the Columbia River 
at Bonneville is described in an article to 
be published soon. 


























of PERMANENCE. 


...1S EASY TO HANDLE 


Bun for tomorrow— 
but in building for the 
future, do not overlook 
today’s need for speed 


forces the concrete slab 


FURNISHED IN ROLLS OR SHEETS 


in every direction. It 
provides continuous 

action from one end of 
and economy in floor Electric Weld - Triangle Mesh the structure to the other 
slab construction. In this —plus high elastic limits 
connection—you will find American Steel & Wire and ultimate tensile strength due to cold drawing. It 
Company Wire Fabric the ideal reinforcement mate- is truly called ‘The Giant Backbone of Dermabeane.” 
rial. Available in rolls—it is exceptionally easy to Interestitig literature is available covering the use of 
handle—and keeps labor 


costs down to a mini- 





this material in the 


AMERICAN STEEL & WIRE COMPANY nation’s leading struc- 
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FIG. 1—INSIDE the unwatered fender ring, shafts of inspection wells extend through the seal concrete at 
El.—35; the shaft at the left has an airlock attached. At this time the originally planned use of a caisson 
for constructing the pier inside the fender had been abandoned, and the pier was concreted within forms 


in the dry. 


Battling Storm and Tide in 
Founding Golden Gate Pier 


Resourcefulness of contractor and engineers wins in long struggle 
against many odds, though caisson plan finally had to be given up 


overcome in building the south pier 

of the Golden Gate Bridge in deep 
water, powerful tidal currents and fre- 
quent violent storms. There was little 
precedent for the problems that had to be 
solved, and the successful outcome is 
testimony to the contractor’s resourceful- 
ness and perseverance. 

The site of the pier is 1,100 ft. offshore 
at the narrowest point in the Golden Gate 
(the entrance from the Pacific Ocean to 
San Francisco Bay), where the tide 
sweeps with a velocity of 6.5 knots and 
where there is no protection from the full 
force of heavy seas and ocean storms. 
The bottom of the bay at this point is bare 
rock—a ledge of serpentine from which 


Fy overcome in ba difficulties were 


By Russell G. Cone 
Resident Engineer, Golden Ease Bridge, 


San Francisco, Calif 


all traces of overburden have been swept 
away, lying 60 to 80 ft. below low water ; 
the pier footing was to be carried to 100 
ft. below low water. The rock was deemed 
amply capable of carrying the loads of 
the structure, provided sufficient confine- 
ment was assured and conservative unit 
loadings were used, but it afforded scant 
facilities for construction equipment and 
operations. Thus every proposed scheme 
for construction had to face not only the 
general problem of founding a pier in 
deep water on a rock ledge aevoid of 
overburden but also had to deal with 


strong tidal currents daily, and occasion- 
ally the battering of heavy seas incidental 
to ocean exposure. 

It was required by the specifications 
that, “The rock surface shall be exposed 
to permit thorough inspection, explora- 
tion and excavation, and the depositing 
of the concrete in the dry. The pier shall 
be constructed by the pneumatic process.” 
A minimum penetration of 20 ft. into the 
rock ledge was believed to meet the con- 
dition as to confinement, and the pier was 
designed so that under full load, assum- 
ing uniform load distribution over the 
entive area, the pressure on the founda- 
tion would be moderate. As to method 
of construction, analysis of the problem 
indicated the essential requirement to be 


245 








Transverse Secti ons 
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Longitudinal Sections 


Final Plan Abandoning Use of Caisson 


FIG. 2—DEVELOPMENT of the construction plan for the south Golden Gate Bridge 
pier in four successive stages. 


sufficient protection of the pier site to 
permit excavating and leveling off a bear- 
ing surface 20 to 40 ft. down in the rock, 
and provision for inspection of the 
foundation bedrock as an assurance of its 
security. 

The original design therefore con- 
templated the construction of a concrete 
fender wall 27% ft. thick from its base 
support on the sloping rock surface to El. 
—18, and a thinner tapered wall above. 
This fender was to be 170x311 ft. outside, 
with rounded ends, and 110x247 ft. in- 
side. Within this enclosure a pneumatic 
caisson 90x185 ft. in over-all plan dimen- 
sions, with rounded and pointed ends, 
was to be sunk as a base for the concrete 
pier superstructure, the latter to begin 
at about El. —50. 

Contract for construction of the pier 
was awarded by the Golden Gate Bridge 
and Highway District, for whom the 
bridge is being built, to the Pacific Bridge 
Co. on Oct. 14, 1932, at a total price for 
pier and fender combined of $2,600,000. 
This contract was made on the basis of 
the original scheme developed and speci- 
fied by the chief engineer of the district, 
which called for the construction of the 





FIG. 3—PLAN OF THE PIER enclosed by con- 
crete fender. The 22 units in the elliptical fender 
are numbered in order of their construction. 


fender wall in successive units by unde; 

water methods and for pneumatic sinkin 

of the pier base itself. As the work pr: 

gressed, conditions made changes in th 
construction procedure necessary, an 

from time to time the original scheme wa 
revised and developed. The final construc 
tion retained the method of constructin. 
the fender wall about as original! 
specified, but discarded the pneumati 
method for constructing the pier bas: 
In these revisions the engineering organ 
izations of the contractor and of the di. 
trict combined to combat new difficultic 
and problems as they arose. 

One important result of these change- 
was to eliminate the pier base as a sepa 
rate unit and, in effect, to integrate th: 
fender with the deep tremie concrete mas- 
poured within the fender as supporting 
base for the pier. 


Access trestle and guide tower 


The use of floating equipment at tl: 
pier site for anything but dredging wa, 
precluded by rough water. The first step 
in construction was to provide access to 
the pier site by a trestle, which it was 
planned to continue around the pier site. 
A steel trestle was therefore built out 
from shore to the pier site; the deck of 
this first trestle was at El. +15. The 
original plan for trestle-bent footings was 
to drill holes in the rock slightly larger 
than the steel columns and, after insertion 
of the columns, to place concrete around 
them, but this plan was abandoned when 
no drills could be found that would clear 
the holes effectively as they were drilled. 

A submarine bombing scheme then was 
developed, which consisted of dropping a 
small bomb on the rock at the pile loca- 
tion, driving it into the rock with a heavy 
follower, then firing it, and shattering 
the material with successive blasts of this 
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FIG. 4—ELEVATION showing method of 

lowering steel and timber frame of form 

for fender base. After placement by divers 

of concrete-weighted wood panels, similar 

forms were used for concreting between 

El. —100 and El. —80. Finally the wood 
panels were removed. 


sort until it was possible to drive a steel 
tubular-pile footing. This method was 
successful. The steel tubes were driven 
into position, and the bottoms of the col- 
ummMs were inserted in them. After each 
bent was erected, the tubes were filled 
with concrete. Under this plan, trestle 


erection proceeded rapidly and was com- ° 


pleted Oct. 19, 1933. 

Just as the trestle was completed a 
2,000-ton steamer ran through it 400 ft. 
offshore. The collision carried away six 
spans entirely, and because the trestle 
deck had been securely fastened together 
the impact of collision thrust the remain- 
ing portion of the trestle about 6 ft. in- 
shore. é 

Wreckage of the demolished bents was 
removed by divers. The destroyed sec- 
tion was replaced by timber bents, to save 
the time required for getting steel bents 
fabricated. 

The outshore bent of the access trestle 
was built in the form of a steel tower that 
weighed about 50 tons and was designed 
as a guide for lowering into place forms 
for the first unit of a concrete fender ring 
to be built around the pier site. This 
fender was an essential element of the 
original design; inside it a caisson was 
to be sunk after floating in,and carried 
down to final depth by compressed-air 
work, 

The outer vertical face of the guide 
tower was provided with two 85-lb. rails 
down which the forms for the first section 
of the fender were to be lowered; forms 
for succeeding sections would then be 
lowered down similar rails on the leading 
face of the previously concreted section: 
The tower was supported in the same 
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manner as the trestle bents. Four foot- 
ing pipes were first driven into the rock 
in holes made by small pilot bombs ; then 
the tower was lowered, and the legs were 
guided into the pipes by divers. Difficulty 
and hazard attended the placing of this 
50-ton steel tower, which had a length of 
115 ft., because of the force of tides and 
waves which swept in from the open sea. 
Entering the tower legs into the founda- 
tion pipes required great skill on the part 
of the four divers doing the work, as well 
as close coordination between these divers 
and the crew above water. Working 
periods were limited to slack water be- 
tween ebb and flow of the tide. The tower 
was placed on the sloping south side oi 
the pier excavation mentioned later ; the 
lower or north legs were founded at El. 
—90 (about 10 ft. above the bottom of the 
pier excavation), and the upper or south 
legs at El. —70, on the adjacent sloping 
surface. 


Several plans for the fender ring 


Several methods for constructing the 
fender, an elliptical concrete wall around 
the pier site, as a means of protecting the 
pier during construction, were developed 
at different stages of the work. The 
original plan was to erect a concrete 
fender wall 30 ft. thick at the bottom, 
entirely around the pier site, and within 
this fender to build the pier base as a 
pneumatic caisson. The fender wall was 
to have been founded on the original sur- 
face of the rock, and when the enclosure 
was completed a pneumatic caisson was 
to have been sunk through a sand level- 


FIG. 6—FENDER TRESTLE BENT ready 
for lowering. This bent is bracing for 
forms above El. —40. Note two centrally 
located vertical guides for form panels. 
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FIG. 5—ELEVATION showing the zones 
in which different types of fender forms 
were used. 


ing fill placed inside the fender. The 
caisson was to have penetrated 20 ft. 
or more into the rock ledge, thus placing 
the pier bottom at El. —100, 

This original plan of construction for 
pier and fender was revised, with the ap- 
proval of the chief engineer, by the con- 
tractor’s consulting engineers, Moran & 
Proctor, of New York, so that the ex- 
cavation, except for final preparation of 
the bottom, could be done by open dredg- 
ing instead of by use of the pneumatic 
caisson. Under this plan, on which con- 
struction started, the inside of the fender 
was to be at the bottom of the pier-exca- 
vation. (See second pair of sketches 
shown in Fig. 2). 

Excavation at the pier site was started 
with a floating dredge coincident with 
construction of the access trestle. The 
water depth at the south or land side of 
the pier was 65 ft. and at the north side 
85 ft. at the deepest point. The rock ledge 
was of such hardness that it could not be 
removed without blasting. A method of 
underwater blasting developed for the 
particular conditions met on this work 
was described in Engineering News- 
Record, July 27, 1933, p. 93. Briefly, 
it involved blasting with small pilot 
bonibs until a sufficient depth of rock had 
been loosened so that a large bomb con- 
taining some 200 Ib. of high explosive 
could be driven into the hole well below 
adjoining rock surface. A novel phase 
of this method was the driving of the 
large bomb into place by means of a 
2,500-Ib. hammer, after which the wire 
leads to the blasting cap in the bomb were 
recovered by a diver and carried to an 
electric blasting machine on the surface. 

After blasting, the loose rock was ex- 
cavated by a 5-cu.yd. bucket with spe- 
cially reinforced manganese-steel teeth 
and lips. The great amount of wear on 
this bucket attested the hardness of the 
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FIG. 7—FRAME FOR FOOTING FORM with some wood panels in place ready for 
lowering. Remainder of panels to complete form sides were placed by diver. 


FIG. 8—DURING STORMS, waves broke through and over the deck of the access 


trestle. 


rock. In general, a depth of 15 ft. could 
be excavated after one layer of bombs had 
been fired 20 ft. below the rock surface. 
Successive layers of bombs were stag- 
gered so as to remove projecting high 
points. This program of excavation, car- 
ried down to El, —100, included the area 
on which the guide tower was to be 
erected. 


Full-height pouring planned 


The original method of fender con- 
struction, later modified materially, 
planned to place the concrete in one con- 
tinuous pour for a height of about 80 ft. in 
each of the 22 separate units that were to 
comprise the fender ring. Each unit was 
to be 30 ft. square in plan, ultimately ex- 
tending from El. —100 to El. +15, a total 
height of 115 ft. The forms for these units 
were to consist of a series of steel boxes 
each 20 ft. high, open top and bottom, 
fitted with jaw castings on one side to en- 
gage the guide rails on the face of the 
guide tower. The bottom of the first box 
form was carefully shaped to make a close 
fit with the bottom of the bay, as deter- 
mined by very accurate soundings. 

To insure a close fit between successive 
sections, it was planned to lower the first 
box until the top was just awash and then 
to erect a second 20-ft. section on top of 


The caisson can be seen moored within the fender. 


the first. The two sections were to be 
fastened together by riveted splices of 
the columns in the corners. The assem- 
bled pair of units, each with jaw castings 


engaging the rails, was to be lowered un-’ 


til a third and subsequently a fourth sec- 
tion could be added, thus making a tier 
of sections fastened together. When the 
tier rested on the bottom, the topmost 
edge would have been at El. —20. 

This program was followed up to the 
point where four sections (80 ft. of con- 
tinuous forms) were suspended in en- 
gagement with the rails of the guide 
tower. The plan was that when this com- 
bined form had been rested on the bottom 
it would be filled with concrete by the 
tremie method up to El. —20 without in- 
terruption. After this first unit, 80 ft. 
high, had been completed, the same pro- 
cedure of lowering successive boxes and 
riveting them together was to be followed 
for succeeding units until all 22 were in 
place, thus completing the fender. The 
point of note in this plan is that each in- 
dividual unit was to have been concreted 
continuously for a height of 80 ft. before 
any concrete was placed in the next unit. 
Difficulties met in this plan will become 
apparent in the following. 

After the legs of the guide tower had 
been entered into the pipes embedded in 
the rock foundation, they were concreted 


. both 


firmly in place. The steel form for 
first fender unit, weighing about 40 t. 
was successfully placed in the guide 1 
and lowered until its top was awa | 
Additional sections were added, and th 
had been riveted together’ as plam 
before the elements interfered. The 
storm that rolled tremendous wa 
through the Golden Gate caught t 
guide tower supporting this eccent 
load of three forms. The tall tower w; 
buffeted to such an extent that it beg:: 
to oscillate about 6 ft. backward and f 
ward. The oscillation evidently caus 
the displacement of the foundation pip: 
on which footings were supported, a:.! 
on Oct. 31, 1933, the entire tower a: 
the forms atached to it were carried awa 

The contractor at once proceeded : 
recover guide tower and forms. \>» 
sooner had they been salvaged than an- 
other storm caused a repetition of the 
tremendgus rollers sweeping in throug! 
the Gate, and this time all but 600 ft. 
the access trestle was carried away. C) 
incident with the removal of the wreck- 
age, the contractor’s engineers began t) 
develop plans for a new and strong 
access trestle. 

In reconstructing the trestle it was de- 
cided to use timber not only because 
the saving in time by avoiding the dela) 
necessary for fabrication of new stec! 
bents, but also because the round timber 
piles offered less resistance to the strony 
tidal currents than had the steel section; 
used previously. Other improvements in 
design included raising the trestle deck 
height by 5 ft., so as to keep the stringer; 
well above the tops of high waves, and 
guying the bents with steel cables in 
directions. The reconstructe:! 
trestle deck was 25 ft. above mean lower 
low water. The new trestle was started 
Dec. 15, 1933, and was completed to the 
pier site March 8, 1934. The last three 
bents of the trestle adjacent to the guide 
tower were made of steel and were very 
rigidly braced both above and below 
water. 

Failure of the guide tower had demon- 
strated the difficulties of supporting th: 
fender on the sloping sides of the pier 
excavation and suggested the wisdom oi 
having fender footings on a level surfac: 
at the same elevation as the pier bottom. 

Accordingly, a modificaion of the 
fender design was developed, and th: 
plan of construction was changed to meet 
it. Departing from the original plan for 
a continuous pour in each vertical unit, 
it now was decided to lay up the fender 
wall in courses about 20 ft. high. 
courses were to consist of blocks abou: 


30 ft. square corresponding in plan to the 


original 22 fender units. The start on 


the first course was to be made at the 


point where the first vertical unit ha: 


been started, and it was decided to in- 
clude in this footing the columns of the 
The base section of the 
first fender unit, therefore, was forme: 
and concreted in two parts, an inshore 


guide tower. 


and an outshore section. 
As a part of this plan the area exca 


vated to El. —100 was increased to per- 
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mit the entire fender ring to be sup- 
ported on a level foundation at the same 
elevation as the bottom of the pier, in- 
stead of only the inner portion of the ring 
as was done at first. Also, under the 
modified plan, the fender units were to 
be built up to El. —60 around the entire 
elliptical ring before any appreciable 
amount of exposed wall was raised above 
that level. This is the plan that was 
finally carried to completion. 

It was proposed that, after the fender 
ring had been closed at El. —60, the 
westerly end would be built up to its 
full height of El. +-15, and then the steel 


contemplated that the space between the 
caisson and the inner face of the fender 
would be filled with concrete from El. 
—80 to —50, by tremie, to seal the joint 
in order to make it possible to hold the 
compressed air while gaining the founda- 
tion. Concrete piers were to be built 
within the fender area under the inter- 
sections of the caisson cross-walls, to 
assist in carrying the weight of the cais- 
son until the working chamber could be 
sealed. 

The excavation over the fender base 
area was to be carried to El. —100 in 
general, but to —105 at the east end of 
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the forms to their proper positions. The 
frame alone offered a minimum of 
sistance to tidal currents as it was low 
ered. Once the frame was in place on 
the botton, fastened to the adjoining 
units, the sides were built up with wooden 
panels about 5 ft. wide. These pane! 
were weighted with concrete blocks, to 
overcome buoyancy, and were placed by 
divers using a fastening adapted to quick 
manipulation under water. All of th: 
wooden panels and the principal members 
of the steel frame were stripped and re- 
used after the concrete had set. 

The bottom form for the pioneer unit 





framing over eight units at the east end 
above El. —60 would be temporarily re- 
moved to permit entry of the caisson into 
the fender ring. After the caisson had 
been floated into place the plan was to 
replace the steel framing on the east end, 
complete the concrete fender ring and 
then load and sink the caisson within 
the fender* enclosure. 

At this time, also, it was found from 
careful study of the stability of the fender 
sections under all weather conditions 
that, because of their greater height re- 
sulting from dredging the full fender 
area to El. —100, an increase in the base 
width of the fender would be necessary. 
In December, 1933, therefore, the base 
section of the fender ring was increased 
in thickness by a 10-ft. offset inward 
and by whatever outward offset would be 
necessary to carry the concrete up against 
the wall of the excavation within which 
the fender was built. 

The inward offset of the fender base, 
with its top at El. —80, extended into 
the area that was to be covered by the 
caisson. In consequence the caisson 
could no longer be sunk down to the rock 
surface but would have to come to rest 
on the ledge of the fender base. It was 


FIG. 9—FENDER AND PIER completed 
and tower erection under way. 


the fender and to —110 at the northeast 
sector, where the original rock surface 
dipped down in a narrow swale to about 
—95. Outside the fender a fill of grouted 
riprap was to be placed to fill the excava- 
tion in the rock. 


Final design for concrete forms 


The revised plan for placing concrete 
in the fender ring involved building a 
considerably larger surface of formwork 
under water. Because most of the steel 
boxes planned for use in the original 
concreting scheme had been fabricated, 
the contractor prepared to utilize as many 
of them as possible. Accordingly, these 
boxes were used between El. —80 and 
El. —40. 

The larger cross-section of footings for 
units under the revised plan called for 
the development of a lighter form. There- 
fore, for that portion of the fender be- 
tween E]. —100 and El. —80 each form 
was built as a relatively light wood and 
steel frame lowered into position on tric- 
ing lines, two to each form (fastened as 
shown in Fig. 4), which served to guide 


was placed in two sections. The first of 
these encompassed the legs of the guide 
tower ; later the first steel box was low- 
ered and rested upon the bottom form, 
after which concreting of the remainder 
of the base and the steel box was made as 
a continuous pour. On all the remaining 
sections the first or bottom steel box was 
concreted integrally with the base block. 

The second steel box, constituting the 
form for the fender wall between El. —60 
and El. —40, was concreted integrally 
with an adjoining box, so that the second 
course of the wall was built up of blocks 
30x60 ft. in plan and 20 ft. high. 

Above El. —40 an entirely different 
plan was used, and the wall was built of 
blocks approximately 30x60 ft. in plan 
and 25 ft. high. The bents and bracing 
in the trestle over the fender site were so 
designed that they later served as guides 
for form panels. This skeleton steel 
frame offered a minimum of resistance 
to the current during construction of the 
ring below El. —60, and was thoroughly 
braced so that in building that part of 
the fender ring above El. —40 two 20-ft. 
sections of the panel forms could be 
erected simultaneously with safety. The 
forms were designed to withstand a hori- 
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zontal pressure of 130 Ib. per sq.ft. Above 
El. —40 form panels of three kinds were 
used: steel, weighted timber and precast 
concrete. The latter were made 6 in. 
thick and of widths to fit the spaces be- 
tween the vertical guides. Precast con- 
crete panels were particularly useful in 
forming the outside of the fender where 
a smooth concrete face was required. 

The entire fender wall was firmly 
bonded together with keys between ad- 
joining units and by staggering the verti- 
cal joints. In addition, the top portion 
of the wall above El. —2 was heavily 
reinforced with steel bars. These tie the 
tops of the units together and develop 
arch action in case the structure is 
rammed by a ship. Above El. —40 
enough vertical reinforcing is used so 
that each unit would stand securely as 
a vertical cantilever in resisting both 
wave and current forces. 


Fender seal and caisson 


After the first-:concrete was poured in 
the pioneer unit on March 31, 1934, 
progress in the fender ring proceeded 
according to schedule, to the point where 
the eastern end of the ring was concreted 
to El. —40, and the remainder of the 
fender wall had been brought up to EL. 
' +15, the ultimate height. This was 
in accord with the original plan to leave 
the eastern end open, to permit the float- 
ing in of the caisson. 

An important change was made after 
the final plan of fender construction had 
been adopted. It was decided to abandon 
the purpose of exposing the foundation 
bedrock within the caisson, and instead 
to place a tremie concrete seal within 
the fender up to El. —65. The base of 
the caisson was to be set on the top of 
this seal concrete instead of on the fender 
base ledge at —80 as previously intended. 
However, in order that the foundation 
rock could be inspected (and, if neces- 
sary, further excavation done) a series 
of eight inspection wells 6 ft. in diameter 
was to be provided in the concrete seal, 
each ending in a 15-ft. steel hemisphere 
resting on the rock surface. These shafts 
could then be entered from the caisson 
working chamber under the protection 
of compressed air and the foundation rock 
examined. This decision was reached 
in June, 1934. 

Results of the dredging operations had 
indicated that the material under the 
entire pier area was uniform. Hence 
it was felt that the area made accessible 
by the eight inspection wells would give 
ample characteristic evidence of the na- 
ture of the foundation rock. In case in- 
spection indicated any necessity for going 
deeper with the pier foundation it still 
would be possible, by excavating in the 
inspection chambers under air pressure 
and using the seal concrete as the deck 
of the working area, to carry the pier 
footing to a lower level. 

When the entire fender ring had been 
brought up to El. —40 and a few units 
at the west end had been continued to 
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El. +-15, the effect of currents and wave 
action on the bottom was so greatly 
diminished that divers were able to pre- 
pare the surface of the bottom at the pier 
site for the tremie seal. The area to be 
covered was too great to attempt a single 
continuous pour, and therefore it was 
divided into seven sections, each 30x90 ft. 
in plan. Wooden forms, similar to those 
used in the construction of the fender 
bases, were designed for three of these 
sections and were placed by divers. De- 
tails of these forms were such as to per- 
mit the removal of all wood used as forms 
in the tremie seal. The first tremie sec- 
tions were carried up to El. —65. 

On Oct. 8, 1934, with all skeleton steel 
bents removed from the east end of the 
fender, the caisson was towed to the site 
and safely moored within the fender en- 
closure. Preparations immediately were 
begun to close the east end of the fender. 
Before this could be done, however, a 
violent storm arose, and the surging of 
the caisson within the fender enclosure 
caused by wave action made it impossible 
to hold it firmly in place with mooring 
lines. It battered the steelwork and con- 
crete of the fender with such force as to 
threaten to wreck itself within the fender 
enclosure. Several of the fender frame 
members were badly bent, and the inner 
face of the concrete was gouged. 

Because wrecking of the caisson 
within the fender at this time would en- 
danger the rest of the work and seriously 
delay completion, the contractor secured 
permission to remove the caisson at once 
and to abandon that part of the construc- 
tion plan that involved its use. Accord- 
ingly, the caisson was removed, and clo- 
sure of the east end of the fender wall was 
begun immediately. 

The fender ring was completed on Oct. 
28, and by Nov. 4 the tremie blanket had 
been raised to El. —65. In lieu of using 
the caisson, the contractor planned to 
pump out the fender enclosure, using the 
fender wall as a cofferdam. To do this, 
it was considered wise to add more con- 
crete to the seal, raising its upper surface 
to El. —35. This additional concrete 
was put in in seven units, overlapping 
construction joints in lower portions of 
the seal and increasing the thickness over 
the shelf of the fender base. The several 
changes made in the seal and the shape 
of the pier shaft above El. —35 served to 
distribute the load over the base of the 
entire fender in addition to the base of 
the pier. The original bearing area of 
the pier, 16,000 sq.ft., was thus increased 
to 38,000 sq.ft. 

The greatest pressure on the pier from 
the superstructure is 84,000 tons. As 
originally designed, the pier foundation 
was independent from that of the fender 
wall, and the pier alone weighed 130,000 
tons. This gave a uniform pressure of 
13.6 tons per sq.ft. and, under extreme 
loading conditions of the bridge, a maxi- 
mum pressure of 20 tons. 

The bridge was designed for an earth- 
quake equivalent to a horizontal force of 
10 per cent of its weight. The most 


severe combination of the loading : 
this earthquake force would have th 
resulted in a maximum pressure of 
tons per sq.ft. 

In the pier as built its total weig 
including the fender wall, is 300,000 to: 
but the base area has been increa- 
from 16,000 to 38,000 sq.ft. The avera 
pressure on the base: has thus been 
duced from 13.6 tons per sq.ft. to 10 ton 
and the edge pressures, under extre: 
loading, have been similarly decrease | 

On Nov. 27, 1934, the pier area with: 
the fender wall was unwatered; the w:.'! 
was found to be remarkably tight, an | 
very little pumping was needed to ke:) 
the bottom dry. The shafts of the eig’ - 
inspection wells were fitted with air loc! 
to permit of access to the rock surfa 
under air pressure. Examination of t! 
foundation within these wells then w.- 
made by the engineers and by Dr. Andrv 
C. Lawson, consulting geologist. In a 
dition, pressure tests were made by !) 
draulic jacks braced against the ro: 
formed by the hemispherical chambe: 
The conclusion was that the foundati:: 
rock was adequate in all respects, and a-- 
cordingly the eight inspection chamber - 
and shafts were filled with concrete. 

Within the open cofferdam formed |) 
the fender ring and the concrete sea! 
forms for the pier proper were buil: 
On Jan. 3, 1935, the pier had been con- 
creted to its final height, El. +44. Quan- 
tities involved in the south pier con- 
struction were as follows: 

Concrete in fender wall, cu.yd. .... 76,300 
Concrete in seal and pier, cu.yd. .. 70,000 
Reinforcing steel, tons ........... 647.9 
Rock excavation for pier 

SWUGOT, CUE: ii 66s ve nek ive'e 45,000 

The cost of the pier to the district wa, 
$2,950,000, including (in addition to th: 
original contract price) the sum of $35¥).- 
000 paid under a supplementary agrev- 
ment for increased excavation ani 
quantities. 

All underwater concrete was deposite | 
through tremies. In general, each posi- 
tion of the tremie was expected to deliver 
to an area of 900 sq.ft. A concreting rate 
of 100 cu.yd. per hour was common. T» 
test the uniformity of tremie concrete a: 
various distances from the tremie pipe, 
cores were taken with a diamond drill. 
These cores showed equal distribution 
of coarse aggregate as far as 35 ft. from 
the tremie pipe and showed a compres- 
sion strength of more than 4,000 Ib. per 
sq.in. in 28 days. 

Concrete was batched at the plant o! 
the Pacific Coast Aggregates Co. ‘near 
the bridge site, and was delivered by 
trucks that mixed in transit. All con- 
crete placed in fender and pier containe:| 
7 sacks of cement (1} bbl.) per cubic 
yard. 

High-silica cement was selected, an: 
the results justified this choice because 
there was decided advantage in the 
notable workability of the concrete where 
large tremie pours were made. Test, 
indicate that the cement will show a hig): 
degree of resistance to sea water. 

The bridge is being built by the Golden 
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Gate Bridge and Highway District. 
joseph B. Strauss is chief engineer, 
Clifford E. Paine is principal assistant 
engineer, and the writer is resident 
engineer. The consulting engineers are 
O. H. Ammann, Leon S. Moisseiff and 
Charles Derleth, Jr. The management 
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oi the Golden Gate Bridge and Highway 
District is, vested in a board of directors 
representing the six counties of the Dis- 
trict. William P. Filmer is president of 
the board, and James Reed is manager. 
Officers of the Pacific Bridge Co., con- 
tractors for the south pier, are as follows: 


Thin Slab of Brick and Metal Lath 


4 MESTS recently made in New 
York City of reinforced brick 
slabs, consisting of one course of 
prick laid on metal lath and grouted, 
showed unusual carrying capacity and 
low cost for this type of construction. 
On a 36-in. span a load of 1,605 Ib. per 
sq.ft. was carried without failure and 
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FIG. 1—REINFORCED BRICK SLAB in 
which metal lath serves as forms duting 
construction as well as for reinforcing. 





Shows High Strength and Low Cost 


with only about }-in. deflection. The 
cost, including necessary steel beams, 
which contributed about a third of the 
total, is indicated to be some 29c. per 
sq.ft. 

Three slabs, 29 in. wide and 9 ft. 
4 in. long, were constructed and tested 
on three lines of 8 in. 6$-lb. steel beams, 
as shown in the accompanying illustra- 
tion. The slabs were designed by J. H. 
Hansen and Odd Albert of the Brick 
Manufacturers Association of New 
York, to demonstrate a sturdy eco- 
nomical type of floor for small houses. 
They were constructed by laying the 
metal lath across the three supporting 
beams, spreading a l-in. bed of stiff 
cement mortar on the, lath and laying 
the brick flat and dry on this bed. 
Negative reinforcement of 4-in. bars 
spaced 44 in. on centers was used over 
the supports, every second bar being 
bent down to take the shear. As a 
final operation, a cement mortar grout 
was poured into the joints. The total 
weight of the slabs was 35.75 lb. per 
sq.ft. They were 3} in. thick. 

A brief review of the several tests 
follows, as reported by Mr. Albert. In 
the majority of tests the load was sup- 
plied simultaneously to all three spans 
on a plank platform that transmitted 
the load to the brick slab through six 
3x3-in. timbers placed at the third- 
points of each span. The test of the 
first slab was stopped after the load 
reached 11,502 Ib., or 510 Ib. per sq.ft., 
equal to 680 Ib. per sq.ft. uniformly dis- 
tributed. The total deflection at this 
loading was found to be 0.0235 in., 
about one-fifth of the allowable deflec- 
tion of 0.111 in., based on a deflection 
of 1/360th of the span. When the load 
was removed after three weeks, no 
cracks or damage to the slab were 
noticeable. 

In testing slab No. 2 the load was ap- 
plied at the third-points of the end span. 
When a load of 11,628 Ib., or 1,605 Ib. 
per sq.ft., equal to 2,140 Ib. per sq.ft. 
uniformly distributed, had been applied, 
the test had to be stopped because there 
was no more loading material available. 
The deflection was estimated to be less 
than 4 in. 

Two tests were made on slab No. 3. 
In the first test the loading was applied 
in the middle span only, at the third- 
points. At a load of 5,168 lb., or 642 
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the late C. F. Swigert, president; Philip 
S. Hart, vice-president; and W. G. 
Swigert, secretary-treasurer. The work 
in the field for the contractor was under 
the immediate direction of Philip S. Hart 
and Jack Graham, superintendent. Chris 
Hansen was chief diver. 


lb. per sq.ft., the test was stopped. <A 
deflection of 0.0115 was recorded. 

In the second test the slab was 
allowed to remain under the 642 lb. per 
sq.ft. load overnight, after which the 
load was carried to 8,748 tb., or 1,085 
Ib. per sq.ft. Deflection at that load was 
about 0.08 in. Failure occurred suddenly 
without warning at a load of 1,120 Ib. 
per sq.ft. No crushed brick or cracks 





wa 


FIG. 3—TYPICAL FAILURE of three-span 

slab under a load of 1,120 Ib. per sq.ft. 

applied at the third-points of the 40-in. 

center span. Breaks occur at ends of ncga- 
tive steel used over the supperts. 


could be seen. The metal lath did not 
break and exhibited a perfect bond after 
failure. It was a typical shear failure 
just beyond the ends of the negative 
reinforcement. No rods were exposed, 
although the outside curved face of the 
hooks of the negative steel could be 


seen in the crack. The slab was 
designed for uniformly distributed 
loading. 


Fort Peck Wins Safety Award 


During the last half of the year 1934 
the Fort Peck District of the Army En- 
gineers made the best safety record of 
any of the engineer districts in Group 4. 
Group 4 includes those districts engaged 
on river work in each of which over 
250,000 man-hours of work are per- 
formed monthly by government employ- 
ees. 

The table below gives the record of 
all districts in the group and indicates 
the basis of the award made by Maj. Gen. 
E. M. Markham, chief of engineers: 


Injur- Lost- Total 
Man- ies, No Time Fa- Days 
Hours Lost In- tal- Lost 


District Worked Time juries ities Time 
Fort Peck...... 1,877,621 59 30 «(0 440 
Vicksburg... 3,578,908 230 78 2 13,148 
St. Louis... 1,805,345 91 36 3) «(18,562 
Kansas City.... 1,761,456 141 7 7,180 
Memphis....... 4,309,527 206 125 4 3,176 
2nd New Orleans 3,153,917 353 133° 3 «620,204 
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Watertight Pump Chambers 
for a Flooding Tunnel 


San Jacinto tunnel, drowned out twice to a height of over 600 ft. 
in shafts, is equipped for recurrence of flooding by sealed pump 
chambers located at shaft bottoms and operated from shaft tops 
















































































































FIG. 1—A WET HEADING at Potrero shaft at a time when the inflow was 1,300 
g-p.m. Estimates based on the rate at which water rose in the shaft indicate that the 
maximum inflow exceeded 4,000 g.p.m. 


being built by the Metropolitan 

Water District of Southern Califor- 
nia to bring Colorado River water to 
the Los Angeles area, the limiting factor 
in the date of completion is the 13-mile 
tunnel under a shoulder of Mt. San Ja- 
cinto. Topography dictates that an 8-mile 
section of this tunnel must be driven 
from two headings, one advancing west- 
ward from the bottom of Cabazon shaft 
and one eastward from Potrero shaft. 
From the Cabazon shaft westward, 5,500 
ft. already has been driven, and the work 
is proceeding thraugh broken waterbear- 
ing zones. It is a curious anomaly that 
although the greater portion of the aque- 


I: THE 241 MILES of aqueduct 





duct passes through territory of extreme 
aridity, work on this critical section of 
the job, between Cabazon and Potrero 
shafts, has been delayed by a heavy in- 
flow of water. 

The sudden inflows were heavy 
enough to drown out the contractor’s 
equipment several times and to delay 
the work so much that from July, 1934, 
to February, 1935, the contractor did 
not make any advance in the Potrero 
east heading. The district then took 
over the work (ENR, Feb. 21, 1935, 
p. 298) and began the installation of 
large-capacity pump units at tunnel level 
both in Potrero and Cabazon shafts. 
Major interest attaches to the novel in- 


stallation at the bottom of the 8&6 
Potrero shaft for the reason that s; 
economy, concentration of power, ; 
matic control equipment and special , 
vision for ventilation combine to : 
it an unprecedented installation. 1) 
features are described in the follow 
which also gives an outline of the ; 
eral situation in the wet eastern 
of the San Jacinto tunnel between 
bazon and Potrero shafts. 

San Jacinto tunnel lies about 
miles east of Los Angeles (see : 
ENR, July 26, 1934, p. 98). Pot 
shaft is 3 miles east of its west px 


‘By the end of last year the shaft 


been sunk to its full depth of 796 
and headings had been driven a s| 
distance in both directions—160 ft. . 
and 447 ft. west. Progress in the 
heading had been. slow because wat 
was encountered. In fact, on the 
day of June work in that heading wa, 
temporarily shut down because of 1 
quantity of inflow, which reached 
sec.-ft. (1,350 g.p.m.). 


Repeated floodings 


On July 1, 1934, at a time when : 
work was going on in the east heading, 
a sudden inrush of water occurred ther 
sufficient to flood both headings quick!) 
and come up the shaft to within 165 ft 
of the surface. After this first flooding 
of the tunnel, for a time the inflow cam 
in surges. Later more uniform flow: 
of as much as 4,000 g.p.m. were indi- 
cated by the rate at which the water 
level rose in the shaft, whose diameter 
is 15 ft. inside the concrete lining. Even 
after unwatering, many weeks later, the 
inflow was 3,000 g.p.m. or more, ; 
for months it did not diminish ver) 
materially. 

Of the several pump units installed 
by the contractor, one was a speciall\ 
designed thirteen-stage turbine pump 
driven by a 700-hp. motor and rated to 
deliver 2,600 g.p.m. against a head oi 
900 ft. A 12-in. Kingsbury plate bear- 
ing designed for a thrust of 15 tons 
was built in the motor to carry the 
weight of water and pump when operat- 
ing under full head. This pump unit, 
weighing about 50 tons when equipped 
with a 12-in. discharge line, 800 it. 
long, was supported on steel I-beam 
across the top of the shaft by clamps 
around the pipe. 

An incident in the contractor’s diff- 
culties was the breaking of this discharge 
pipe line, dropping the big pump to tun- 
nel level. and promptly flooding out the 
shaft. This occurred when unwatering 
had progressed to within 50 ft. of the 
tunnel. In the flood which followed th:- 
accident, water was reported to have 
risen in the shaft at a rate exceeding 
a foot per minute. 


Novel pump-chamber design 


When the district took over the work 
early this year, an entirely new plan 
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Airlines for 
Motor cooling : 


was adopted for removal of the inflow- 
ing water, Previously, pumps of the 
sinker type had been used. Henceforth, 
district engineers decided, the plan 
would be to use horizontal centrifugal 
pumps permanently installed in pump 
chambers at tunnel level, at the bottom 
of Potrero and Cabazon shafts. 

The pump chamber at Potrero shaft 
required the greater care in design be- 
cause it was decided so to construct it 
that it could operate continuously at full 
capacity even if the tunnel should be 
flooded and the 800-ft. shaft should en- 
tirely fill with water. This introduced 
problems in ventilation, cooling, auto- 
matic control and pumping out seepage, 
and evidently the success of the plan as 
a whole depended on the absolute re- 
liability of every detail of the equipment 
installed. 

In general, the pump chamber con- 
sists of an excavation in the rock at 
right angles to the tunnel, much like 
an adit drifted off to one side. In this 
case, however, where the adit connects 
with the main tunnel, it has a smaller 
section, like the neck of a bottle. The 
pump chamber is 110 ft. long, including 
the 16-ft. length of the constricted sec- 
tion. In the full section the chamber 
is 19 ft. wide and 22 ft. high at the 
center; in the constricted section it is 
44x22 ft. In the lower part of this con- 
stricted section were placed the numer- 
ous pipe lines, conduits, etc., and in the 
upper part there was a doorway for 
access to the chamber. A concrete plug 
then was poured around these openings 
so that the inner chamber could be 
sealed off from the tunnel. The design 
of the door and the plug as a whole was 
such that it will be able to resist the 
water pressure resultant from a head 
of 803 ft., which would obtain at shaft 
bottom if the shaft filled. 

The plan was to equip this pump 
chamber so that in the event of any 
sudden flood the pumps could function 
automatically with no manual control 
closer than ground surface, 800 ft. above. 
This entailed, in addition to the main 
units for pumping water up the shaft, 
equipment for recirculating within the 
chamber air that would cool the motors 
driving the pumps, a water-circulation 
system for cooling the air, a pumping 
system for removing seepage, and the 
automatic conirol mechanisms _ that 
would enable these several systems to 
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proercy 





FIG. 2—DETAILS of pump chamber lay- 
out at the bottom of Potrero shaft. 


function automatically or to give such 
indications in the control room at the 
top of the shaft that manual control 
from that point would be perfectly 
feasible. 


Access doors 


Access through the plug into the 
pump chamber is by means of a 44x6}- 
ft. opening fitted with a door heavy 
enough to withstand an 803-ft. water 
head. The door is made up of welded 
I-beams; its sill is 25 ft. back from 
the tunnel center line and 9 ft. above 
the tunnel floor. At this height there 
is considerable capacity in the tunnel 
before the level of the pump chamber 
entrance would be reached by any sud- 
den inrush of -water. Within the large 
door is a smaller one, 24x31 in. in size, 
to give workmen access to the chamber. 
The large door has a swung weight of 
54 tons and ordinarily will be kept bolted 
shut; it will be needed only when ma- 
chinery is to be moved in or out. The 
smaller access door has no means for 
fastening it in the closed position other 
than a counterweight; this feature is a 
safeguard against anyone being en- 
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trapped in the chamber and_ insures 
closure of the door in case the pumpman 
is forced to leave hastily. Rubber belting 
in both door frames insures watertight 
ness. 


A 12-in. I-beam suspended from the 
roof extends the full length of the cham- 
ber and is provided with a chain-block 
traveler for lifting pumps, motors, etc. 
Near the door the I-beam is over a track 
at sill level on which equipment can be 
moved through the doorway. 

Each of the seven main pump units 
in the chamber has its separate suction 
pipe through the concrete plug. The 
discharge lines likewise go through the 
plug separately, but on the outside they 
are combined before being led up the 
shaft in two 14-, one 12- and two 8-in. 
discharge columns. These discharge 
pipes are hung from the top of the shaft, 
but concentration of weight is relieved 
by clamps at intervals of about 100 ft., 
where supports are grouted into the 
walls of the shaft. Guides in the form 
of steel bands at 30-ft. intervals also 
were put in, to prevent any tendency to 
buckle. Because of the uniform tempera- 
ture of air and water, very little expan- 
sion effect is expected. 


t's Mg"rings on 
; each pipe 















Fae 






on 


Section D-D 


Section B-B 


FIG. 3—DETAILS OF PUMP CHAMBER PLUG and connections between pump 
chamber and shaft. 
































































































254 


The concrete plug in the ‘constricted 
section contains seven 14-in. suction 
pipes, seven 10-in. discharge lines, a 6-in, 
discharge from the sump pump, and 6-in. 
suction and discharge from the circu- 
lating pumps. In addition, there are 
several small air lines. Each unit has its 
separate conduit for electrical power 
from the surface, making fourteen 3-in. 
cable conduits through the plug. As the 
larger pipes were placed in the bottom 
of the plug, the piping has a minimum 
of bends in passing from the central 
trench or sump in the pump chamber 
through the plug and into the shaft. 
Around each pipe, where it~ passes 
through the plug, are welded j}xj-in. 
angles bent into the form of a ring as 
cutoffs, to prevent seepage of water 
along the pipes. Reinforcing bars were 
embedded in the concrete of the plug. 


Equipment installed 


The Potrero pump chamber houses 
seven main pump units, five of 2,600- 
g.p.m. capacity and two of 1,000-g.p.m. 
capacity. The head in each case is 850 
ft. The five larger pumps are four- 
stage horizontal units, direct-connected 
to 700-hp. pipe-ventilated motors. The 
two smaller pumps, of the same type, 
have 300-hp. motors. The ventilation 
system used for cooling the motors and 
the pump chamber is of the closed- 
circuit type; that is, the ventilator ducts 
from each motor lead into common sup- 
ply and return ducts, and the air is 
cooled and recirculated by being passed 
over the fins of a cold-water circulating 
system. Air flow in this system is ef- 
fected by fans operated by 30-hp. motors. 
Each of the two blower systems has a 
capacity of 20,000 cu.ft. per minute 
against 6 in. of water pressure; dupli- 
cate ventilation systems afford protec- 
tion against the risk that some minor 
mechanical accident or defect might 
shut down the entire plant. 

Should the air flow fail, a check 
damper in the fan discharge duct will 
close and actuate a mercury switch, 
which automatically stops one blower- 
cooler unit and starts the other. Cooling 
water is available from the sump of 
the main tunnel at from 65 to 70 deg. F. 
This makes it possible to furnish an air 
supply in the ventilating system of 80 
to 85 deg. F. Provision is made for 
introducing 2,000 cu.ft. per minute of 
cooled air from the ventilating system 
into the pump chamber. The circulating 
pumps, like the blowers, are in duplicate ; 
each water-circulating pump is rated at 
400 g.p.m. against a 60-ft. head and is 
driven by a 10-hp. motor. 

All pipe joints in the chamber are 
welded except where the pipes make 
connection with the pumps. Likewise, 
all pipes are tested to 1,000 Ib. per sq.in., 
approximately twice the service head. 

The chamber is unlined. To take 
care of the possibility that there would 
be seepage through the rock or leakage 
from the pumping systems, two duplex 
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FIG. 4—PUMP INSTALLATION at bottom of Potrero shaft, looking from doorway 


into watertight pump chamber. 


pumps were installed; these are oper- 
ated by 60-hp. pipe-ventilated motors 
and are rated at 195 g.p.m. each, under 
a head of 803 ft. Space for a third pump 
of the same size is provided. 

A vacuum pump operated by a 2-hp. 
motor is so connected that it can be used 
for priming any of the centrifugal 
pumps. This requires manual operation 
of valves for starting each main unit 
successfully. Priming would be unneces- 
sary in an emergency in which the tun- 
nel was flooded. All interconnections 
that would be a convenience are pro- 
vided; discharge lines from the main 
pumps are cross-connected so that opera- 
tion of valves can fill any line from 
any other; water discharged from the 
main pumps can be substituted for water 
pumped expressly for the cooling sys- 
tem, and the main pump intake is divided 
into two chambers so that one can be 
shut off to permit clearing out muck 
accumulations. The suction intakes are 
protected by screens, and baffles ar- 
ranged like louvers are installed ahead 
of the screens to limit the inflow of 
mud. 

The ducts in which cooling air is 
carried to the motors are made of 14- 
gage metal; diameters decrease from 
20 in. in the main headers to 12 in. at 
the motors. Supplementing the air- 
circulation system is a pair of 3-in. pipes 
that bring fresh air from the top of the 
shaft. This is for renewing oxygen 
supply, to make the chamber livable 
during such test runs or other operation 
as may be carried on with someone in 
the chamber. The blower for this fresh- 
air system is at the surface. 

The control mechanism on all elec- 
trical units in the chamber is made auto- 
matic as far as possible, and the oper- 





ating condition is recorded in a contro! 
room at the top of the shaft. An alarm 
sounds in this room when any operation 
is performed automatically in the under- 
ground chamber. 


Cabazon shaft 


Water inflow into the tunnel heading 
reached through Cabazon shaft, tl: 
easterly shaft, has not been as serious 
as at Potrero shaft. Yet it was recog- 
nized that the water difficulties her 
might increase as the heading advances. 
and for this reason it was considered 
desirable to build a pump chamber at 
tunnel level that would give the same 
assurance in the Cabazon headings as 
now obiains at Potrero. The lesser depth 
at Cabazon made it more economical to 
previde a separate shaft through which 
access to the pump chamber would be 
possible at all times, and fewer precau- 
tionary measures were therefore neces- 
sary. The installation is similar in man 
respects to that of Potrero, but the de- 
sign is much simplified by the fact that 
it will be possible at all times to have 
an operator in the pump chamber. 

The Cabazon pump chamber is 75 it. 
long, 14 ft. wide and 22 ft. high. The 
plug between the chamber and the tun- 
nel will be very similar to that at Pot- 
rero already described. Forced-air coc!- 
ing of the main motors will be used, 
although in this case the motors operating 
the air-cooling system are on the surface, 
and 22-in. air ducts are carried through 
the auxiliary shaft. Two separate air 
systems and two separate water-cooling 
pump systems are provided. 

At Cabazon six main pumping units 
are installed. Four have a capacity of 
2,500 g.p.m. each, at 275-ft. head, and 
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two are rated at 1,000 g.p.m. A valved 
pipe connection is made from the suc- 
tion of one 1,000-g.p.m. pump to the 
sump within the chamber, to handle seep- 
age from the tunnel. The discharge of 
the four larger pumps is carried in two 
14-in. pipes through the auxiliary shaft, 
that of the smaller pumps through two 8- 
in. columns in the main shaft. 

The construction of the plug in the 
constricted section between chamber and 
tunnel was somewhat simplified by the 
fact that electrical conduits and some oi 
the pipes go to the surface through the 
auxiliary shaft. However, the two-in- 
one door for access between chamber 
and shaft and the main pump intake are 
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quite the same as at the Potrero installa- 
tion. ; 

The initial installation of pumping 
units at both Cabazon and Potrero shafts 
was completed and the pumps were given 
a preliminary tryout in the early part of 
June, 1935. Whether they ever will 
be called upon for capacity service re- 
mains to be seen, but at least the work 
of advancing the tunnel headings now 
has the assurance of large-capacity 
pumping units ready for instant service 
if heavy inflows occur suddenly. 

When these emergency pumping in- 
stallations were completed, the water 
being pumped out of Potrero shaft 
amounted to about 4,600 g.p.m., of 
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which 2,000 g.p.m. was in the west head- 
ing, which is downgrade from the shaft. 
At Cabazon the inflow total 4,200 g.p.m., 
practically all of which was coming from 
the west or downhill heading. 

The work is being done by The Metro- 
politan «Water District of Southern 
California, of which F. E. Weymouth 
is general manager and chief engineer, 
J. L. Burkholder assistant general man- 
ager in charge of construction, Julian 
Hinds assistant chief engineer, and C. R. 
Rankin engineer in charge of San Jac- 
into tunnel construction. Design of the 
pumping stations was under the direc 
tion of J. M. Gaylord, chief electrical 
engineer. 


initial efforts concentrated on the erection 
of proper shelter for the construction 


forces, provision of adequate water supply 


and sewage-disposal facilities, and the crea- 
tion of an efficient commissary department 


EDITOR’S INTRODUCTION—John F. Stevens served as 
chief engineer of the Isthmian Canal Commission from 1905- 
1907, as was noted in the introduction to the previous article 
(ENR, Aug. 15, 1935, p. 216). In that period his staff, with 
the notable exception of Colonel Gorgas, was made up 
largely of civilian engineers. In 1907, when Mr. Stevens 
resigned, President Roosevelt decided that in seeking a new 
chief engineer he would choose one familiar with govenment 
routine. Consequently, Col. George W. Goethals was named 
chief engineer and took with him to Panama other army 


The natural result of this change was that much of the 
credit for the successful completion of the undertaking has 
gone to the army engineers who succeeded Mr. Stevens. This 
Mr. Stevens recognizes as inevitable, but as the years have 
gone by he has become impressed with the fact that if he does 
not speak out in the interest of the civilian engineers who 
functioned so effectively in obscurity during his régime there 
will be none left to speak for them. In the following article 
and one to be published subsequently Mr. Stevens brings 
out in an effective way the notable contribution that those 


engineers for key positions. 


garded as a historical topic, may 
rightly be considered by the lay- 
man to be a rather trite subject, but to 
engineers there are some facts in con- 
nection with its planning and construc- 
tion which should be of interest to the 
profession, and which are entitled to a 
place in written history. The important 
part which civilian engineers played in 
that monumental work has never been 
set forth in any comprehensive, authen- 
tic narrative. The writer believes that 
he is more qualified to do this than is 
any other living person, owing to the 
circumstance of his having had active 
official connection with'the great project 
during a critical period in its history. 
And such a narrative, dealing with facts, 
written without prejudice and with strict 
impartiality toward all parties, should 
be an important contribution to the 
knowledge of the profession. 
The handicaps that confronted these 


"Fee PANAMA CANAL, re- 


engineers made to the canal construction. 


engineers in the early part of 1905 were 
many and serious. The most formidable 
one was unquestionably yellow fever. 
While the situation was largely psycho- 
logical, there was a grave danger which 
could not be ignored, as it imperiled the 
very life of the vast project. This was 
the situation which I encountered when 
I took up the duties of chief engineer. 
Without going into details, it can be 
justly asserted that it was the immediate, 
wholehearted support which the engi- 
neering department gave at a critical 
time and continued to give to Colonel 
Gorgas and his efficient corps of assist- 
ants that enabled the sanitary depart- 
ment to eliminate the deadlly disease 
and make it possible for Americans to 
live in safety and work on the Isthmus. 

In any comments which I may make 
upon the condition of affairs existing at 
that time, no adverse reflection what- 
ever is intended upon the ability of my 
predecessor. I had known Mr. Wallace 


—EpiToRr 


for many years as a high-class engineer, 
and I was not long in deciding why and 
how the unhappy situation that existed 
had developed. The inefficient Walker 
Commission, the utter lack of responsi- 
bility definitely located, the endeavor to 
decide and act upon the most trivial 
matters at a distance of 2,000 miles by a 
body of men who were apparently un- 
able to agree with each other or with 
anybody else, would have been a suffi- 
cient reason for a partial or even a total 
failure, no matter who had been chief 
engineer. It would have required an 
official fight to make progress, for, while 
the new commission was an improve- 
ment on the old one, I think that Mr. 
Wallace had lost faith in any commis- 
sion, that he felt that it was a fight, or 
resignation, and that he chose the latter 
course. The situation called for vigorous 
independent action by the chief engi- 
neer, which it got at once, receiving full 
approval of the commission at all times. 
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I found no organization worthy of the 
name; no answerable head who could 
delegate authority and exact responsi- 
bility; no cooperation existing between 
what might charitably be called the de- 
partments—quite the contrary, and a 
disposition (not shared by the engi- 
neers) to believe that the construction 
of a successful canal at Panama was a 
very dubious project. Faith in the un- 
dertaking could only be secured by 
prompt practical action and an utter in- 
difference to any threatened danger. 

At once the formation of an organiza- 
tion was undertaken, one capable of ex- 
pansion as work increased in volume 
and variety, and flexible enough to pro- 
vide for contingencies. There was al- 
ready in service a lot of good engineer- 
ing personnel, enough to form the 
nucleus of an organization. All it needed 
in most cases was faith in a leader whom 
it could trust and follow with confi- 
dence. The personnel was enlarged and 


strengthened from time to time, and it. 


was not long before it worked as a unit. 
Ample authority delegated 


The various classes of the work, as 
far as they could then be determined, 
were segregated, and selection was made 
of what appeared to be the best-fitted 
men to head the subdivisions of the en- 
gineering department, making these as 
few as practicable. One general policy 
was put in force, and that policy is the 
cnly one that leads to efficient adminis- 
tration: to give the official ample au- 
thority and hold him strictly responsible 
for results. Such a policy encourages 
initiative, which is a most valuable asset 
to an engineer. A maxim was laid down 
and came to be thoroughly understood, 
that to make a failure certain in my 
view an engineer should do nothing of 
his own volition but should “pass the 
buck.” 

I have stated in general terms how 
the engineers in civil life were organized 
for the work of building the canal. It 
would be invidious to attempt to list 
names, as omissions might be innocently 
made, and I would regret to cause heart- 
burnings by ignoring worthy men. I 
can confidently assert that to my knowl- 
edge and belief no abler force of engi- 
neers was ever entrusted with responsi- 
bility or more intelligently or faithfully 
met it. I am not picturing them as 
“supermen,” for they were not. They 
were simply representative of the best 
type of educated Americans, and no 
higher type of manhood exists; they 
only needed to be shown the way and 
to be provided with proper means to 
enable them to get results, and they did 
so, with an eve single to the interests of 
the great project. With respect to 
supermen, it has probably been my mis- 
fortune, but I have never chanced to 
meet any of them. 

I will note some of the major opera- 
tions which the engineering organiza- 
tion carried out, and as its duties and 
powers became so comprehensive by 
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force of circumstances its different sec- 
tions were designated as departments. 
It will of course be understood that 
many indispensable adjuncts other than 
those of a purely engineering technical 
nature were planned, installed and put 
into service as necessary to put the con- 
struction house in order before any real 
effective work on the canal proper could 
proceed. 


Housing and feeding the workers 


The gathering, selection, housing and 
feeding of all labor, skilled, unskilled 
and clerical, was the province of the de- 
partment of labor and quarters. To 
secure an ample supply of the first, and 
to ensure its quality, agencies were 
established in a number of our larger 
industrial cities, where the personnel 
was carefully selected and forwarded to 
the Canal Zone. All common labor at 
first was made up of negroes from the 
British and French islands of the Carib- 
bean Sea, as being inured to a tropical 
climate. This plan was later somewhat 
modified by bringing over some 9,000 
Gallegos from the Biscayan provinces of 
Spain, to counteract a hazy notion that 
the blacks had gotten into their heads 
that they held the whiphand in common 
labor. The move succeeded beyond my 
hopes. After three months an ample 
supply of labor of all kinds was in hand, 
and no undue delay occurred in filling 
all calls for the different classes of 
workers. 

This department, through the Panama 
Railroad Commissary, greatly enlarged, 
which it managed, furnished all food 
and the countless variety of different 
articles of merchandise required by 
canal employees. The commissary was 
really developed into an immense de- 
partment store, and it handled about 
every article of human needs. No profit 
from sales was exacted, and overhead 
was cut to the bone. A system of cash 
coupons was introduced, and no indi- 
vidual book accounts were kept; as a 
consequence, supplies were sold at com- 
paratively low prices. I paid the same 
prices as did all of the other employees, 
and the best quality of Chicago dressed 
meats, eggs and other perishable foods 
cost me about 65 per cent of what I paid 
while living in Chicago within five miles 
of the stockyards. The hotels and eating 
houses, some 40 of them, served meals 
as good as those served in such places in 
the States, at about 70 per cent of the 
cost of the latter. 

A combination ice, cold-storage and 
laundry plant was built at Cristobal, 
modern in every particular. In 1907 it 
had a daily output of 80 tons of ice, 
25,000 loaves of bread, and laundry for 
at least 3,000 white people. From the 
moment that meats, etc., left the packing 
houses in Chicago until they were in the 
hands of the consumers along the Canal 
Zone, they were under refrigeration 
every moment. A supply train of re- 
frigerator cars left the commissary 
every morning at 4 o'clock, and never 


later than 9 a.m. every hotel, ea: 
house and family had its daily supp! 
including ice, properly wrapped 
tagged, clear through to La Boca, ; 
Balboa. 

As fast as houses and barracks \ 
ready, the department furnished ¢! 
installed the proper occupants and 
ercised supervision over them. T| 
were many other functions entruste: 
this department which space does 
permit describing. The system wo: 
wonderfully well, with the result | 
we had a family of thousands of « 
tented workers. 


From housing to shop building, 


To provide living quarters for 
many thousands of employees of 
ferent classes was a heavy task for : 
engineering organization, but it was 
complished speedily, and well. The 


partment of building construction \\; 


created, charged with the work of bui! |- 
ing and keeping in repair all structures 
of whatever nature that were requir:| 
on the Canal Zone. Designed by its ow» 
architects, there quickly began to app: 
not segregated buildings but towns, soi 
of them really small cities. There we: 
many structures in various stages 
decrepitude, souvenirs of the old French 
régime, left on the line. Those of ther 
that were worth while were reconi'- 
tioned, modernized and made fit f» 
human occupancy. In addition, hundre:!s 
of new buildings were erected—dwellinz 
houses, barracks, churches, = schoo 
houses, police stations and jails, hote! 
and eating houses, hospitals, club house- 
post offices, machine shops all the struc- 
tures required for railroad operation 
The number and variety of building. 
necessary seemed to be endless. I do not 
know how many such new building, 
were erected but as a conservative esti- 
mate I would say at least 5,000. 

In additon to all this class of con 
struction, the department built ocean 
piers, warehouses, platforms, etc. For 
months it carried on its payrolls some 
12,000 men, including the negro la- 
borers, and in eighteen months us<( 
about 90,000,000 bd.-ft. of lumber, 
mostly brought from Puget Sound. |! 
necessarily dealt in large figures. | 
recollect that requisitions for wire 
screening totaling more than $90,00)) 
passed over my desk. All buildings in 
which human beings lived or worke:! 
were thoroughly screened—window,. 
doors and verandas. They were equippe'| 
with baths, modern sanitary fixtures ani! 
electricity ; in fact, except for being of a 
light type of wooden construction, they 
were fairly typical of American smalle: 
homes, the dwelling houses usually be 
ing of the bungalow type. My policy 
was to build only for ten-year life, as | 
estimated that number of years woul: 
see the completion of the canal,. afte: 
which at least 90 per cent of the build- 
ings would be no longer needed an: 
would be destroyed, as was done. 

‘One of the most imposing structure; 
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built was the Tivoli Hotel, on a com- 
manding site at Ancon. It was built and 
furnished in less than six weeks. At one 
time, directly and indirectly nearly a 
thousand men were employed on its con- 
struction. It is there yet, more mod- 
ernized and added to in some small fea- 
tures, and is one of the best tourist 
hotels in the tropics. 

I moved the headquarters of the engi- 
neering organization from Panama City, 
where it was occupying the buildings of 
the old Delesseps régime, to a new town 
which I had built at Culebra, a point 
about midway of the length of the 
famous cut of the same name. A capa- 
cious administration building, with 
offices for the heads of the various de- 
partments, was built, and also many 
structures of the various classes that 
were necessary to house the employees 
who carried on the work in the im- 
mediate vicinity, especially that of ad- 
ministration. An extensive telephone 
system was installed, covering the entire 
Canal Zone, Panama and Colon. Sitting 
at my desk in the administration build- 
ing, I could contact without undue de- 
lay every office, shop, steamshovel, 
switch shanty, etc., along the whole line. 
I think that there must have been from 
four to five thousand inhabitants in, or 
within a radius of a couple of miles, of 
the new town by the middle of 1907. 

Another new town, Empire, was 
created not far from Culebra, where 
were built and equipped the large ma- 
chine shops that erected and kept the 
steam shovels in repair. There was nota 
half mile along the line of the canal that 
did not give constant visual evidence of 
the tremendous activities of the building 
department. 


Streets, water and sewerage 


Closely allied with the work of build- 
ing construction was that of the depart- 
ment of municipal engineering. It 
planned and laid out the new towns, 
graded and macadamized the streets, 
built sidewalks, found sources of potable 
water supply, laid mains and house con- 
nections, installed sewage disposal plants, 
and transformed what had been jungle 
wastes into attractive and healthful resi- 
dential locations. At Colon a large earth 
dam was built some miles back in the 
hills, forming a reservoir from which a 
12-in. cast-iron main carried the water 
by gravity to Colon and Cristobal, with 
sufficient head to throw it above the tops 
of the highest buildings. In both cities 
mains were laid covering the entire 
areas, and connections were made with 
every house, office or shop. 

These two cities are built on a coral 
reef, and the natural ‘elevation of the 
surface is less than 3 ft. above the level 
of the sea; consequently, the sewerage 
problem was a serious one. It was 
solved by building a large underground 
concrete-lined reservoir centrally lo- 
cated, into which the sewers discharged 
their contents. Duplicate electric pumps 
were installed, which pumped the sew- 
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age through a discharge pipe far out 
into the bay, back of the cities. It was 
a well-conceived and executed project. 

Panama City had no water supply 
except from shallow wells located 
throughout the city, into which sewage 
naturally seeped. Besides creating an 
abominable nuisance, the wells were 
choice breeding spots for mosquitos, 
particularly the deadly stegomyia, the 
yellow fever carrier. A concrete dam 
was built across a mountain stream 12 
miles from the city, and from its res- 
ervoir the water flowed by gravity 
through a large cast-iron main to a con- 
crete distributing reservoir built on 
Ancon hill, from which it was carried 
by gravity through mains to all parts 
of the city. House connections with ven- 
turi meters were installed, and the old 
wells were filled up with earth. 

A complete modern sewerage system 
was built, discharging into the bay, 
where the heavy tides carried the sew- 
age away. Some miles of the prin- 
cipal streets were torn up, and vitrified 
brick, brought from Peoria, IIl., was 
laid on a substantial concrete founda- 
tion. Other less important streets were 
macadamized. 

These works built by the engineers 
at Colon and Panama City did not con- 
stitute merely improvements; they ef- 
fected a rebirth into decency of two of 
the filthiest pest holes in the world. 
Both cities were made entirely free from 
tropical fevers, are clean, healthful and 
practically free from mosquitos and 
house flies, an agreeable contrast to 
many of the cities and towns in the 
States. After our Panama water supply 
was in operation, an expert from Wash- 
ington reported that only three or four 
of our home cities’ water supplies 
equaled it in purity. 


Providing construction equipment 


The department of power and ma- 
chinery was one of immense importance 
and imposed vast responsibilities upon 
its officials. The great bulk of a con- 
struction plant, tools and machinery, 
such as never before had been gotten 
together in the history of the world, 
was planned, specified largely in detail, 
requisitioned, purchased and delivered 
on the work in record time. It consisted 
of almost every mechanical device which 
judgment and practical experience indi- 
cated was necessary and best adapted 
to do quickly and economically the vast 
and intricate work that lay ahead of the 
engineers, and the distance of the fab- 
ricating plants demanded that every 
item must be of the best quality. 

Specifications for all of the larger 
classes of machinery, such as locomo- 
tives, cars, steam shovels, compressors, 
etc., were made by the department. Cast 
steel was substituted for cast iron 
wherever practicable, copper for iron 
boiler tubes, and a like standard of ex- 
cellence was set up for the entire list 
of requirements, which in number were 
almost inconceivable. As samples of 


quantities purchased on single orders 
1 may mention 125 locomotives, 75 
steam shovels and hundreds of cars. 
All of the larger machines were shipped 
knocked down and were assembled and 
tested in the shops that had been built 
and equipped for their reception. Track 
material, hand tools of every description 
for all classes of work—the lists were 
too long and varied even to attempt to 
summarize—had to be obtained in the 
least possible time. 

Some of the old French floating and 
land equipment was reconditioned and 
found serviceable in the smaller opera- 
tions; but 99 per cent of the equipment 
used in canal construction was new, and 
of the immense amount provided during 
my time as chief engineer, every item 
of it, as far as I could learn, was well 
adapted to the purpose intended. 


Watching weather and earthquakes 


There was the department of meteor- 
ology and river hydraulics, charged 
with the duty of gaging the streams, 
especially the Chagres, and of giving 
prompt notice of approaching floods. It 
also had charge of the seismograph, 
which was located at Panama City. 
Light tremors of earthquakes were re- 
corded, but those of any degree of in- 
tensity were apparently long distances 
away. A daily weather report covered 
temperature, winds, rainfall and hours 
of daylight. Any unusual phenomena 
were duly recorded. 

My relations with the commission sit- 
ting in Washington were very harmo- 
nious. Three of the seven members 
were army engineers, retired, as I re- 
member, and one was a rear-admiral of 
the navy. None of the members except 
the chairman came to the Isthmus, and 
he only for three brief visits. 

Theoretically, the commission was 
supposed to supervise my work. Prac- 
tically, it did nothing of the kind. It 
never ordered or even suggested in a 
single instance my line of procedure. 
It only knew of what we were doing 
from brief reports that I made from 
time to time, but at no stated periods, 
and these reports were always quickly 
approved. The members rightly as- 
sumed at the time that it was a one-man 
job, and they further knew (what | 
was well assured of) that I had the full 
backing of the President, with the 
knowledge and acquiescence of the Sec- 
retary, in whose charge the execution 
of the project was committed. 


I have given a résumé of how some of 
the adjuncts created were necessary to 


provide a solid workable foundation 
upon which the actual construction of 
the canal could proceed. This work 
was done by and wholly under the su- 
pervision of civilian engineers during 
1905-1907. Their practical service in 
the technics of projecting and executing 
the work that came under their charge 
as members of the engineering organi- 
zation will be treated in a later article. 
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Wheeler Dam Construction 
Enters Final Year 


Review of construction methods and progress in excavating 
550,000 cu.yd. of rock and placing 650,000 cu.yd. of con- 
crete in building dam 11 miles long on the Tennessee River 


HE construction of Wheeler Dam 

on the Tennessee River, at the 

head of the lake formed by Wilson 
Dam 154 miles downstream, has pro- 
gressed to the point where it appears 
that this $23,000,000 project will be 
completed by September, 1936. With 
an over-all length of about 6,400 ft., this 
dam will be 1,900 ft. longer than Wilson 
Dam and 1,340 ft. longer than the 


Dnieper River hydro-electric and navi- 


gation undertaking in Russia. 

General plans for Wheeler Dam were 
outlined in ENR, May 11, 1933. From 
the south bank, a non-overflow section 
extends 180 ft. to the powerhouse struc- 
ture, 613 ft. long. Beyond the power- 
house is a non-overflow section, 177 ft. 
long, then a trashway 45 ft. long. Next 
comes a 495-ft., non-overflow section 
connecting to a 2,700-ft. spillway. Be- 
tween the latter and a navigation-lock 
structure at the north end is a third 
non-overflow section, 1,737 ft. long, with 
a 45-ft. trashway in the end next to the 
lock. Between the 60x300-ft. lock and 
the north bank is a fourth non-overflow 
section, 270 ft. long, closing a gap in 
which there is space for an ultimate 
110x600-ft. lock. 

Designs for the 60x300-ft. lock at 
the north end of the dam were prepared 
by the Corps of Engineers, U.S.A. The 
construction of that unit was completed 
under the direction of that organiza- 
tion in 1934 (ENR, Aug. 17, 1933). 
The rest of the dam, including the 
powerhouse, was designed by the United 
States Bureau of Reclamation, and is 


being constructed by force account by 
the Tennessee Valley Authority. 


General plan of construction 


Construction plans for the project 
provide that the powerhouse and the 
non-overflow sections at that end first 
be built in a cofferdam extending off- 
shore 1,425 ft. Thereafter four addi- 
tional cofferdams, built successively 
from the first, were to unwater the site. 
These were to be in order 1,238, 1,147, 
1,100 and 1,004 ft. in length. The work 
was thus to be conducted in five suc- 
cessive stages extending from the south 
bank, with no two adjacent cofferdams 
to be closed for any considerable period. 

This general plan has been followed 
with substantial exactness. The second 
cofferdam was built as soon as the rock 
foundation for the powerhouse was pre- 
pared in the first one; as rock excava- 
tion in the second cofferdam was ap- 
proaching completion, the third coffer- 
dam was unwatered. These’ two 
cofferdams, together with part of the 
fourth, include the entire spillway sec- 
tion, which is built in alternate 15-it. 
and 30-ft. blocks. 

To provide ample capacity to carry 
floods across the job, 25 of the 30-ft. 
blocks are first poured to a height of 
about 1 ft. above the normal level of 


WHEELER DAM, 6,400 ft. long, is being 

built in a series of five cofferdams built 

progressively out from the south shore at 

the head of the pond formed by the Wilson 

Dam crossing the Tennessee River 15'/2 
miles downstream. 





the pond of the Wilson Dam, and 
of the 30-ft. blocks are poured | 
height of about 8 ft. above that |. 
while the 15-ft. blocks between ¢! 
are continued to full height to pe: 
construction of the roadway crossing 
top of the dam, which will be in ser 
during the latter part of the job 
provide access to the last coffer 
area. 

The non-overflow section extend 
from the spillway to the navigation | 
occupying part of the fourth and al! 
the fifth sections of the cofferda: 
will be built to full height. Before th 
cofferdams are placed to close 
stream, intakes for six waterwheels 
timately contemplated in the powerho 
will be available to carry flows up 
ordinary floods. Meanwhile the doy 
stream portions of the second and th 
cofferdams will be removed. Flo 
in excess of the capacity of the pow 
house intakes will overtop the upstre« 
second and third cofferdams and m.\ 
then be handled through the 61 30-:: 
openings left temporarily in the spillw 
section. After the work is finished 
the fourth and fifth cofferdams, the 3) 
ft. openings will be closed from floatine 
mixer plants during low flows of t! 
river. This closure work is to be don 
in the summer of 1936, between April 
and November, when high stages a: 
exceptionally rare. In case floods occt 
in excess of the capacity of the power- 
house intakes, ample capacity will be 
available to divert the surplus flo 
through the temporary openings in th 
spillway structure. 

This general plan of handling con 
struction was based largely on the lim- 
ited variation in the stage of the rive: 
due to the existence of the pond created 
by Wilson Dam. Except during floods, 
the water level at the site remains prac 
tically constant. Extreme floods may 
produce a height 4.5 ft. above the nor- 
mal pond level at El. 505.06. Restric- 
tion of the 6,400-ft. stream width by the 
construction of the navigation lock and 
of the first three cofferdams has not 
caused any serious increase in velociti: 
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at normal stages in the 2,200-ft. opening, 
which will be occupied by the fourth 
and fifth cofferdams. These two closing 
sections also will be placed during the 
1935 summer and fall low flows, so 
that difficulties in constructing and main- 
taining them*°due to swift water are 
not expected. 


Transportation 


Wheeler Dam construction operations 

were based on water transportation for 
the delivery of all materials and sup- 
plies, except light shipments that might 
be brought in by truck over local high- 
ways extending to the site. Imported 
shipments are brought by rail to a dock 
adjacent to Wilson Dam, where they 
are loaded on barges and towed to the 
job. 
Sand and grayel for the 650,000 cu.yd. 
of concrete required in building the dam 
and powerhouse are obtained by dredg- 
ing 35 to 50 miles downstream from 
Wilson Dam. Towboats bring barges 
from the dredge through three locks, two 
below and one in Wilson Dam. Cement 
is supplied by several mills, which ship 
by rail to a point below Wilson Dam 
for trans-shipment by barges to the 
project. 

Experience with these methods of de- 
livery has proved entirely satisfactory. 
No difficulties have been presented in 
floating any of the heavy construction 
equipment from the railhead to and into 
the cofferdams, Plans have been made 
also to handle all of the heavy water- 
wheel and electrical machinery for the 
powerhouse in this manner, by means 
of 100-ton stiff-leg derricks, one lo- 
cated at Wilson Dam and one at 
Wheeler Dam, both to remain there 
permanently. 


Excavation of rock foundation 


At the site of Wheeler Dam the Ten- 
nessee River is confined between two 
rock cliffs, ledge rock extending entirely 
across the bed of the stream without 
overburden. The formation is an alter- 
nating series of nearly horizontal layers 
of pure limestone and a cherty, siliceous 
rock, the latter occurring in much thicker 
strata than the former. Most of the few 
vertical joints are confined to one 
stratum. There are occasional cleavages, 
however, extending down through sev- 
cral layers of rock. 

Numerous small cavernous fissures 
have been uncovered, but these have been 
of no consequence, except two in the 
joundation of the draft tubes. Such 
caverns and the limited number of solu- 
tion channels found are’ readily filled 
with concrete or grout. An entirely satis- 
lactory foundation is thus obtained. 

Original estimates were that 550,000 
cu.yd. of rock would have to be removed 
to prepare the foundation for the dam 
and to excavate deep et:ough to provide 
properly for the intakes and tailrace of 
the powerhouse. Present indications are 


LINE DRILLING prevented rock from 

breaking beyond boundaries planned for ex- 

cavation for dam and powerhouse emplace- 

ments. White line indicates, exaggeratedly, 

arrangement of drill cuts to preserve verti- 
cal face of pits. 


that this total may be increased to around 
570,000 cu.yd. Some of the spoil has been 
used in the construction of the coffer- 
dams and in building up a flat area along 
the south bank for construction plant 
buildings. The rest has been wasted 
in upstream areas where it will not inter- 
fere with navigation or with operations 
of the project. 

On account of the nature of the rock, 
exceptional care has been exercised in 
the methods used in all excavation work. 
Outside the heavy cut required to obtain 
the necessary depth for the substructure 
of the powerhouse, most of the excavation 
has been comparatively shallow. Just 
enough of the weathered top strata has 
been removed to get down to solid ledges. 
This has varied from 10 to 15 ft. over 
most of the site outside the powerhouse 
area. 

Excavation for the powerhouse struc- 
ture extended to a depth of 50 to 57 ft. 
below the existing streambed. After 
considering various methods of drilling 
and shooting, the conclusion was reached 
that it was quite desirable to avoid any 
blasts close to the face of the deep cuts 
in which the power units are to be placed. 
A method of line drilling to the exact 
shape was accordingly developed. 

A fleet of twelve wagon drills was 
installed for this purpose and to put down 
the holes required for blasting the rest 
of the excavation. In the line-drilling 
to the contours, these drills operated in 
sets of three to five on sectional steel 
track carried by portable timber runways. 
These drills were fitted with 23-in. bits 
on 18-ft. steel. With them holes were 
put on the line desired on 44-in. centers 
toa depth of 15 ft. 


it was necessary to take out the 
material in three to four lifts to get the 
full depth, a plan was adopted to obtain 
practically a vertical face where the line 
drilling was done, to compensate for the 
clearance required by the drill when s 
up against the wall formed in the pre 
ing lift. By tilting slightly the track 
carrying the drills, the latter made holes 
extending in 10 in. from the vertical at 
the bottom of each lift. When the next 
lift was taken out, the same off-vertical 
holes were drilled. As a result, the 
finished face had a series of narrow steps 
in it, with the top and bottom practically 
in a vertical line. 

In drilling and shooting the remainder 
of the rock to be removed, no blast holes 
were put down within 30 ft. of the line 
drilled faces. The nature of the material 
is such that careful loading broke the 
rock out to the line drilling with no shat 
tering of the face of the excavation, Some 
potshots had to be used to break up large 
pieces between the line-drilled face and 
the closest blasts. 

With this method the deep excavation 
in the stratified rock was made without 
any overbreakage. The saving in con 
crete thus obtained much more than offset 
the cost of the line drilling over other 
methods of getting the same results. Bu 
the undisturbed foundation face was even 
of more importance. In fact, this method 
worked out so well on the deep excava- 
tion that it was adopted for all face cuts, 
even as shallow as 6 ft., in stripping the 
foundation for the sections of the dam 
proper. 


| 


Grouting of foundation 


For the entire length of the structure 
beyond the deep powerhouse excavation, 
which went into very uniform rock, thor- 
ough grouting is undertaken to insure 
an entirely tight foundation. Two lines 
of 24-in. holes spaced 20 ft. between rows 
and staggered 20 ft. in the rows are put 
down to a depth of 20 ft. with the wagon 
drills. One line is 1 ft. upstream and the 
other 19 ft. downstream from the axis of 
the dam. 

These holes first are tested hydrostati- 
cally at 38-lb. pressure. Practically no 
mud seams have been found, so that no 
washing out has been necessary. With 
few exceptions, the holes also show little 
or no loss of pressure when tested. 

Neat cement grout is forced into the 
holes with a portable air-operated duplex 
plunger pump. While a hole is being 
filled, caps on adjacent holes are re- 
moved, to permit flow through any seams 
found. Very few holes have shown any 
indication, however, of receiving grout 
from those near them. 

Beginning with 20 Ib., the pressure 
was gradually stepped up to 50 Ib. without 
any measurable movement of the rock. 
This pressure is now maintained on all 
holes for 10 min. In practically all cases 
the holes take only enough grout to fill 
them. 

High-pressure grouting is done after 
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FORMWORK FOR SECTIONS OF DAM that are built to full height to carry the construction bridge 
are kept in proper alignment by two lines of timber struts. 


a minimum of 10 ft. of concrete has been 
placed on the foundation. To facilitate 
this second sealing of the foundation, 
grout holes are drilled before the con- 
crete is placed. Pipes in these holes are 
extended to above the desired level. At 
the proper time the grout pump fills these 
holes under 100 Ib. pressure. In none 
of these latter holes has there been notice- 
able loss of grout. 

All questionable joints or fissures in 
the rock foundation have been explored 
with 36-in. core-drill holes. With holes 
of this size it has been possible to lower 
an engineer on a boatswain’s chair so he 
might study the exposed face of the rock. 
In no cases have uncertain conditions 
been found. These inspections also have 
disclosed excellent grouting effects. 

Considering the character of the rock 
surface and the weathered top strata of 
the riverbed, comparatively little diffi- 
culty has been experienced in unwatering 
the cofferdams or in keeping them dry 
enough to avoid interference with opera- 
tions. The first cofferdam was built of 
the Ohio River type of timber walls with 
earth filling. The second cofferdam was 
built of fills of rock spoil from the excava- 
tion in the first cofferdam, with a clay 
blanket on the water side to obtain tight- 
ness. Asa result of experience with the 
two types, the decision was made to build 
the Ohio River type for the third, fourth 
and fifth cofferdams. The volume of in- 
flow in no case has been excessive, but 
the timber cribs have proved more satis- 
factory. 

Rock excavation in the cofferdams is 
handled in 10-yd. dump-body motor 
trucks loaded by electric shovels. These 
trucks operate up grades as steep as 10 


per cent. They deliver either to the rock- 
fill cofferdam or to spoilbanks upstream 
and downstream, 


Dredging concrete materials 


Sand and gravel for the concrete are 
produced and delivered under contract 
by the Cumberland River Sand Co., of 
Nashville, Tenn. Operations were 
started in the river at a point 35 miles 
below the project. When the supply at 
that point was exhausted, the dredge was 


‘moved about 15 to 25 miles downstream, 


where most of the material is now being 
obtained. 

The material contractor operates one 
of the largest and most modern dredges 
of the type used in this country, with an 
average capacity of 200 tons per hour, 
maximum 270 tons per hour, under the 
local conditions. This dredge is equipped 
to produce simultaneously four sizes of 
material, all thoroughly washed and ac- 
curately sized. Sand specifications in- 
clude all that passes a 4-mesh screen. 
Gravel is divided into three sizes : 4-mesh 
to }-in.; }- to 14-in.; and 14- to 3-in. A 
crusher on the dredge for reducing over- 
size is rarely used. Because of an over- 
abundance of pea gravel in. the river 
deposits, excess yardage must be han- 
dled to obtain the required amount of 
sand. 

One of the main problems of the project 
is to maintain a flow of materials from 
the dredge to the mixing plants so that 
the latter will always be amply supplied. 
This has been done, in spite of the un- 
avoicably wide variations in demand 
from time to time. D'redging and trans- 
portation plant operations also have been 


conducted in such manner that no: 
than 10 per cent of the total qua 
have had to be stored enroute as a : 
against emergencies. In other 
the materials have gone from the | 
directly to the mixing plants on ¢! 
With a fleet of over 60 steel bar¢g 
two towboats the contractor is cont 
by some of the worst navigation 
tions on the lower river. It ha 
necessary to operate through thre: 
one of which is an antiquated loc! 
will pass only two barges at a time 
stretch of the river channel also is - 
row that swift current requires 
barge to be pulled for a distance of 
half a mile with a tow line ancho: 
shore. At flush stages of the river 
currents also occur at various 
points in the distance to be towed 
spite of these conditions, the ma: 
contractor has caused no delays 
work on the dam. 


Mixing and placing concrete 


Lake Wilson offers a navigable ce; 
to all parts of the Wheeler Dam constr 
tion operations. General conditions +1 
rounding the operation of the four {1 
ing mixing plants used in building 
dam were discussed, and the detai! 
the design of these plants were 
marized in a previous article (ENR 
4, 1934). In general, these plants ha 
been operated as was contemplated 
that time. Each plant is moored 
the mixer end of the barge against 1) 
cofferdam. Two material barges 
placed on each side, and a cement bar: 
in the rear. Schedules are worked out 
in advance so that reserve supplies 
materials are available on barges moore! 
in the vicinity. 

Concrete is delivered from the mix 
to place in the forms in 2-yd. bucket: 
handled by a gantry crane inside 
cofferdam. Experience in operation 
the gantries has demonstrated the 
sirability of equipping the latter 
traveling mechanisms. As first installed 
these units were without the latter an‘ 
were shifted by hauling themselves aheai 
with a line on a drum on the hoist. Du 
to need for more frequent shifting tha: 
was expected, the addition of traveling 
mechanisms proved desirable. 

Another major problem of the project 
is the construction, erection and shifting 
of forms.. As indicated by the accom- 
panying photograph, a vast amount oi 
forming is required, between 10 to !- 
million feet of lumber being estimated 
For the powerhouse structure and super- 
structure very little re-use of forms was 
practicable. On the rest of the job sec- 
tionalized forms have been developed. 
which permit re-use numerous times; | 
since lumber is comparatively cheap in 
the vicinity of the job, it is more eco- 
nomical to replace damaged forms than 
to repair them. 

Between the powerhouse and the lock 
the unusually long spillway and non- 
overflow sections of the dam make 3 
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stepped scheme of construction opera- 
tions desirable. That is, work tapers up 
from excavation at the outer end of opera- 
tions through the base of the dam section, 
the apron and the pier sections so that a 
maximum of men and plant may be em- 
ployed simultaneously. This program 
also permits standard forms to be used 
repeatedly for the same purpose. 

Concrete is poured in 5-ft. lifts on all 
of the dam sections except in thin piers. 
Forms are accordingly made of that 
height. As the construction pier sections 
are uniform for similar locations, stand- 
ardized lengths of forms are possible. 
Where the slope comes on the spillway 
sections, the full-length side-form sec- 
tions are merely extended beyond the 
finished line of the concrete. 

The usual methods of anchoring form 
sections for each lift by means of sleeve 
rods embedded in the concrete are used. 
Satisfactory bracing of the forms for the 
relatively high piers carrying the road- 
way which surmounts the dam has been 
worked out. Two sets of horizontal 
timber struts, one midway of the height 
and one at the top, span the 40-ft. open- 
ing between each two piers. These hold 
the forms for the latter against pushing 
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out; steel anchor rods, with turnbuckles 
for proper tension, are trussed across be- 
tween the two sets of timber struts to 
keep the forms from moving inward. 
With this set-up, form alignment for the 
piers has been easily maintained. Erec- 
tion and dismantling procedure with the 
aid of one of the gantries also is rapid 
and simple. 

Four six-hour shifts are employed six 
days a week on most of the project, a 
system of lighting has been developed 
so that the efficiency of the night shifts 
is surprisingly close to that of the men 
who work in daylight. In fact, during 
the hottest part of the summer there is 
little difference between the man-hour 
output for the different shifts. Intricate 
formwork and similar close operations 
are conducted largely in the daylight. 

A. E. Morgan is chairman and chief 
engineer of the Tennessee Valley Author- 
ity. C. A. Bock, assistant chief engineer, 
has direct charge of all TVA engineering 
and construction. C. H. Locher is con- 
struction consultant, and A. J. Ackerman, 
construction plant engineer. Wilfred M. 
Hall is construction engineer, and George 
P. Jesup, construction superintendent on 
Wheeler Dam. 


Unique Floor Plan Used in 
Low-Cost Brick House 


N INTERESTING ATTEMPT to 
secure maximum economy of space 
and Jow cost in a small residence 

is embodied in a four-room dwelling 
recently opened in Canton, Ohio. Spon- 
sored and financed by the Metropolitan 
Paving Brick Co., the house, it is re- 
ported, can be sold for $1,725, including 
a 3 per cent state sales tax. The archi- 
tect is Max A. Montgomery, of Hudson, 
Ohio. 

Arranged in the form of a square, 
the house is oriented diagonally on the 
site, to give it an appearance of greater 
size. Its unique floor plan will be noted 
from the accompanying sketch, which 


shows how the bathroom is placed in 
the middle for greatest accessibility, the 
monitor roof directly over the bathroom 
provides sunlight all day long as well 
as affording ventilation. A wedge- 
shaped room is placed in each corner 
of the square. Windows are located in 
the corners of the rooms, to assure 
cross-light, avoid shadows, provide ven- 
tilation without draft and increase wall 
space. Exterior doors are placed at each 
of the four corners. Rooms are made 
the same size in order to standardize 
construction. 

An interesting detail is the indenting 
of the walls, to relieve the monotony of 


FIG. 1—NOVEL BRICK RESIDENCE built in Canton, Ohio, to sell for less than 
$2,000, exclusive of land. 
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FIG. 2—UNIQUE FLOOR PLAN in which 

wedge-shaped rooms in the four corners of 

a square layout surround a central bath and 
heating compartment. 


the square and to add stability for a 
light-weight wall. The architect states 
that the esthetic and practical reason for 
the wedge-shaped rooms is to give an 
appearance of size and defeat the laws 
of perspective. The house is built on 
the ground. 

Heat originating in a heater in the 
bathroom travels through an overhead 
duct system with inlets in the ceilings 
of the rooms and outlet grills at all win 
dows and doors. Heat travels back un- 
der the floor to the under side of the 
heat compartment, where an ordinary 
house fan is located. The house may be 
cooled in summer by installing a cooling 
unit in the heating compartment and 
reversing the fan and the flow of air. 
Sides, roof and floor are insulated with 
rock wool. 


Se 


Artesian Waterbed Revealed 
in North Dakota 


A survey of the Minot area, compris- 
ing about 2,800 square miles in the north 
central portion of North Dakota, con- 
ducted by the U. S. Geological Survey 
as a public-works project in 1934, re- 
vealed a_ rather extensive artesian 
waterbed. Throughout the Minot area, 
water is so generally found in coal beds 
that wells are drilled to the coal in order 
to obtain water. The Des Lacs ar- 
tesian area extends, in a narrow belt 
from 1 to 3 miles wide, north of Berth- 
old southeast through Lonetree and 
Des Lacs to a point a few miles south of 
Minot. In this area water under con- 
siderable pressure can usually be found 
within about 300 ft. of the surface. 
Many of the wells overflow at the sur- 
face and yield enough water to meet do- 
mestic needs, while the others that do 
not overflow have water standing only 
a few feet below the surface. In three 
small areas lying to the south of the Des 
Lacs artesian area, drilled wells that 
have encountered flowing water at 
depths of less than 150 ft. indicate that 
the areas are underlain by water under 
considerable pressure. 
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The Behavior History of 
The “Big Muddy” 


The works of civilization have brought a new 


Missouri River far different in 


its behavior 


from the erratic stream of a hundred years ago 


By Roy N. Towl 


Mayor, Omaha, Neb. 


HE LENGTH of the Missouri 
River from: Sioux City to Ports- 


mouth, or from the mouth of the 
Big Sioux River to the mouth of the 
Platte River, in 1804 at the time of the 
Lewis and Clark exploration was about 
250 miles (Fig. 2). Today it is about 
150 miles, indicating a shortening of 40 
per cent. Naturally two questions are 
raised. What caused the shortening’ of 
the river channel 100 miles? And will 
it come back? 

My conclusions are: civilization (with 
removal of heavy timber) is responsible 
for the shortening, and the results are 
permanent, 

The old river and its valley were made 
by the processes of erosion and sedi- 
mentation, The natural streamflow of 
the river and its tributaries from the 
entire drainage area furnished the 
energy for all the work performed by 
the river system. The resistance en- 
countered by the stream consisted prin- 
cipally of a heavy growth of timber in 
the valley, with other vegetation and 
certain soil formations, including exten- 
sive beds of clay. 

The behavior of all rivers is gov- 
erned by a law which prescribes their 


length. The necessary amount of mean- 
dering or departure from direct courses 
depends upon the, energy of the stream, 
modified by ali resistances of every kind 
and character. Energy is measured by 
volume, width, depth and slope of 
water. 

The slope of an alluvial valley or 
flood plain depends upon the energy of 
the stream and the extent and character 
of the resistances. If the energy is dis- 
sipated, weakened or reduced and the 
resistances become greater relatively, 
then the necessary slope of the valley is 
increased. However, if later on these 
resistances are reduced or cleared away 
and the energy is no longer dissipated 
but is regulated and confined, the result 
will be reflected in a change such as was 
observed in the case of the Missouri 
River herewith presented. 


The older river 


Just 100 years ago on the exploration 
of Maximilian, his steamer “Yellow- 


FIG. 1—MISSOURI RIVER SCENE just a 
century ago as painted by Charles (or Karl) 
Bodmer who accompanied Maximilian, 
Prince von Neuwied, in an expedition into 
the interior of North America traveling 
up the Missouri River in the steamboat 
“Yellowstone.”’ 








stone” had extreme difficulty in m: ine 


tions, 
the upstream voyage through a ch. \n¢} heavy 
almost entirely filled with snags snags 
1). At about the same time Ti 
Flint, a Presbyterian missionary ; 
lower Missouri River, observed fe 
river had the appearance of a fi Wit 
dead trees.” This natural conditic «; more 
fered a very heavy resistance t shorte 
direct flow of the river and was « 1881 
the causes for making so many ben. - ;; that t 
its course. Those snags came f: gation 
number of varieties of heavy t fatal 
growing along the banks of the r ver. with 
including elm, walnut, oak, syca: nihcal 
cottonwood and willow. Everyw)e mn oy 
the shifting banks of the river resulted there 
in the formation of new bends, rajid): City 
cutting off old bends and causing a <))iit- — 
ing unstable course. When a bend 
cut off, it was slowly filled with tin a 
grained clay deposits, while the coarse: 180+ 


sediments were heavily deposited al: 
the banks of the live stream, thus lea 
the cutoffs away from the stream i: 
form of partly filled lakes and pond 
When these clay deposits in the cu 
lakes were encountered by the meand 
ing river, an added resistance in 
form of “gumbo points” was encow 
tered, which contributed to the croo! 
meandering course of the river by 
ducing cross-currents (Fig. 3) 
turbulent flow, with suction and p: 
sure eddies thrown against the  oute: 
banks with destructive force, 
eventually forming new bends and mal 
ing new cutoffs. This terrific ero: 
of bank lines has been observed 
number of places to reach a rate of 
ft. in 90 days. 

Getting back to the heavy timlx 
again, the Indians could not and would 
not cut or use trees 3 or 4 ft. in diam- 
eter. However, civilization, with i 
sawmills, steamboats and farming opera- 
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tions, cleared practically all of this 
heavy timber, and consequently the 
snags disappeared from the river. 


Shortening begun 


With this lessened 
more energetic river responded by 
shortening its course. Then in the year 
1881 there occurred a great flood. At 
that time the tonnage record of navi- 
gation was near the peak, before its 
fatal elimination contest in competition 
with the new railroad system. Sig- 
nificantly, the river changed its behavior 
in a very marked degree. Since then, 
there have been no cutoffs from Sioux 
City to Plattsmouth, and the meander- 
ing and misbehavior so notorious in 


resistance, the 


FIG. 2—CHANGING CHANNEL of sec- 

tion of the Missouri River as recorded in 

1804, 1890 and 1928, as compiled by the 
author. 
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reputation gave way to a new record and 
a new deal for the river from Sioux 
City to Plattsmouth, as well as in many 
other places. 

The proposed Lewis and Clark Na- 
tional Park extending from Sioux City, 
Ia., to Decatur, Neb., comprising land 
in both states, will embrace the 
abandoned bends of the river back to 
1804, which territory now has a nearly 
straight river, as shown by the accom- 
panying map (Fig. 2). One great loop 
measured more than 18 miles, and 40 
miles of the meandering river measured 
10 miles by airline distance. This map 
compares the old and new courses. The 
direct course of 1930 from Sioux City 
to River Sioux is 50 miles by railroad, 
55 miles by river, and probably morc 
than 100 miles in 1804. 

Speaking of energy, one will observe 
four points of concentration where the 
river is now confined to a width of 4 or 
4 mile. Going downstream from each of 
these places and leaving the narrow con- 
centrated locations, the river expands 
gradually to abnormal widths of nearly 
2 miles, where formerly the approxi- 
mate width would be 4 to 4 mile. This 
new river condition, with its inefficient 
width, readily causes ice gorges, as in 
the Platte River, which is the largest 
tributary of the Missouri. For illus- 
tration, in 1923 an ice gorge below 
Dakota City, where the river is 1} 
miles wide, backed water into the Ex- 
change Building at the stockyards in 
Sioux City; and incidentally there was 
no running ice in the river at the time, 
but the slush ice formed by the blizzard 


was sufficient to block all of the chan- 
nels of the river and caused an ice gorge 
that could not be dislodged by bomb- 
ing or any other method. The gorge 
held until a high stage of water carried 
it out. 

Apparently the soil structure of the 
valley will not withstand increased 
velocities caused by shortening of the 
river. The new type of river under 
present conditions requires increased 
width and decreased depth, shown by 
the illustration. 

3efore leaving this subject, 1 want 
to add one more observation at Blencoe 
Bend several miles above River Sioux, 
where the channel is 4 mile in width 
at the head of Little Sioux Reach. It 
expands gradually along a_ straight 
course occupied continually since 1881 
and reaching a width of about 1 mule. 
All of the “gumbo points” along this 
course and practically all of the heavy 
timber have been removed. The banks 
are of sand, the bed is of sand, the bars 
are of sand and support only a small 
growth of willows. The run of ice 
has retarded or prevented larger growth 
on these bars. 


Future probabilities 


The old crooked river was subject to 
frequent and destructive floods. The 
new straight river has reduced flood 
levels as much as 8 or 9 ft. 

The approved government river-chan- 
nel contraction projects will add energy 
and depth to the river. This should re- 
sult in lowering the bed and the normal 
water level of the river to some extent 


FIG. 3—CROSS-CURRENTS moving a bend downstream by eroding convex bank; 
this bend has moved downstream 11/2 miles in about 30 years. 
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and eventually reach down to a harder 
bed formation. 

Looking forward, the beneficial uses 
of water will reduce the flood volumes 
and the destructive energy heretofore 
observed. Increased low-water flow 
will be derived from the Fort Peck 
Reservoir and will add to the energy 
that is necessary at low water to keep 
and maintain a clear channel for navi- 
gation. 

Straightening of the river and the new 
conditions present many factors favor- 
able to permanent stabilized conditions 
in this valley. Perhaps this is the 
world’s record. The natural straighten- 
ing of the Missouri River by shortening 
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its course 40 per cent has destroyed 
thousands of acres of fine farmland. It 
has left a new type of wide shallow 
sand beds to replace the old crooked 
course. 

So we are glad to welcome the new 
straightened and regulated river. The 
proposed Lewis and Clark National 
Park, which embraces all of the aban- 
doned river channels in the valley as 
well as the beautiful hills along the 
eastern side of the Indian reservation 
in Nebraska, will be a fine memorial 
with inspirational, educational and 
recreational advantages sufficient to 
qualify under the National Park +re- 
quirements. 


Concrete Decks Extend Life of 
Old Timber Trestles 


By L. C. Winterton 


Engineer for Jackson County, Miss. 


costs and provide a safer, smoother 

roadway, Jackson County, Miss., has 
placed a 4-in. reinforced-concrete deck 
slab and safety curbs on six existing 
creosoted timber bridges with a total 
length of 2,890 ft. across the tidal marsh 
between the east and west forks of the 
Pascagoula River. Located on a sec- 
tion of the “Old Spanish Trail” (U.S 
Route 90), which was constructed by 
the county in 1916 and is still main- 
tained by the county without state or 
federal aid, the bridges form a link in 
one of the principal transcontinental 
highways and, being on the only direct 
route between Mobile and New Orleans, 
carry heavy seasonal and holiday traffic. 
Year-around traffic records show an 
average of more than 600 vehicles daily. 

The bridges, constructed in 1916, 
were originally decked with 3 x 6-in. 
creosoted lumber. In 1923-24 adjacent 
sections of the highway were paved. 
Increased traffic accelerated deck wear, 
and soon maintenance costs were pro- 
hibitive. By 1929 it was necessary to 
replace the decks completely, and it was 
decided to cover them with an asphaltic 
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CONCRETE DECK 4 in. thick, placed on 
a subfloor of 2-in. creosoted lumber in 
timber-trestle repair job. 


wearing surface, to protect them from 
vibration and abrasion. Unfortunately, 
however, it was also decided to dip the 
new decking in coal tar on the job, 
thereby effecting a saving in cost as 
compared with having it creosoted by 
the usual method. The decking was 
dipped green, and the coal-tar coating, 
by sealing in the sap, hastened its decay 
rather than retarded it. By the latter 
part of 1933, damage from decay and 


CONSTRUCTION and completed views of 
concrete deck placed on old timber trestles 
in Jackson County, Miss. 


from termite infestation had becon 
widespread that renewal of the 
was again necessary. 

Providing employment for local | 
was a major consideration, and 
new work was performed by forc: 
count. It was desired to constru: 
permanent a deck as consistent wit! 
probable life of the substructure, bu: 
bearing value of the existing pile } 
precluded the use of concrete deck 
conventional design, because of ex. «s- 
sive dead weight. Also, the fact 
cost had to be taken into account. \ 
4-in. reinforced-concrete deck slab, \ ::! 
9-in. curbs and heart-cypress hand- 
placed over a 2-in. creosoted lw 
subfloor was decided upon. The 
floor was placed diagonally, to serve «, 
a permanent stiffener as well as for ¢}y 
bottom form for the concrete. Ex; 
sion joints 4 in. thick were placed 
each support. Also, to avoid crack: 
of the slabs from deflection under 1|oa( 
and to obtain greater efficiency from t}y 
stringers by eliminating concentra: 
loads at their center points, }-in. joints 
were placed at the third points of 1! 
spans. Concrete of 3,500 Ib. per sqi: 
compressive strength was placed from 
a mixer floated on a barge alongside the 
bridges. 

As was expected, the replacement of 
some substructure members was neces- 
sary. Practically all replacements were 
necessitated because deep cuts or daps 
had been made in the original timbers 
after treatment, or by the development 
of shakes, which had permitted termites 
to enter or water to remain in contact 
with untreated wood. These replace- 
ments amounted to about 12 per cent 
the caps and 15 per cent of the origi 
stringers. 

Half-at-a-time construction was use‘, 
to avoid interrupting traffic. The | 
of the six bridges was finished in Janu- 
ary. The cost of the new decks, includ 
ing all replacements, three new lines o! 
stringers and a 20 ft. approach slab at 
each end of each bridge has been slight!) 
less than $15 per foot of bridge. 

Some of the new decks have been 
under traffic over six months. The sur- 
face obtained has good riding qualities 


And, even though a 35-ton crawler drag- 
line was recently dragged across the 


bridges, no cracking has developed. 
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Concrete Trestle-Type Quay 
at English Marine Terminal 


Additional accommodation for foreign passenger and freight 
business, as well as car-ferry service, provided at rail-and-water 
terminal by London & Northeastern Railway—All poured 
concrete, except precast piles—Freight-handling equipment 


By E. E. R. Tratman 
Wheaton, Ill. 


ONCRETE QUAY construction 
C the open-frame or trestle type, 
as distinct from the older type of 
heavy masonry retaining wall with 
solid backfilling, is being increasingly 


terminal facilities. The shore is flat 
and swampy, so that the yards and all 
other works are on filled land. There 
is a tidal range of about 12 ft., with a 
maximum of 15 ft. Hydraulic dredges 
have deepened the river to permit 
vessels of 20-ft. draft to come along- 
side the quay at any stage of the tide. 
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FIG. 1—NEW QUAY at Parkeston, England, is of precast concrete pile and concrete 
frame trestle, concreted in place. 


favored for harbor works in Europe. 
Some of the new quays at the port of 
Havre (France) are of this open-frame 
type (ENR, June 14, 1934, p. 768), and 
a still more recent example is an ex- 
tension of the Parkeston quay of the 
London & Northeastern Railway ( Eng- 
land). With this new extension of 
1,120 ft., which was put in service in 
October, 1934, the quay has a total 
length of nearly 4,000 ft. 

At Parkeston, on the east coast and 
70 miles from London, the railway has 
an important marine or rail-and-water 
terminal for passenger and freight 
business. It serves a number of steamer 
lines across the North Sea to various 
ports on the continent, as well as the 
railway’s car-ferry services in connec- 
tion with continenfal railways. The 
quay extends along the side of the 
River ‘Stour, about three miles above 
its mouth,-and in the rear are the rail- 
way’s main line, freight yards and other 





The dredged material was pumped 
ashore to fill low ground. 


Design of quay 


This 1,120-ft. quay extension is of 
the general design shown in Fig. 1. 
For 920 ft. of its length it has a part 
of the deck raised, as shown, to form 
the first floor of the two-story transit 
shed and railway station, 920x63 ft. 
Beyond this, for 200 ft. to the eonnec- 
tion with the older part of the quay, the 
deck is flat for its entire width. Brick 
walls fill the spaces between the columns 
along the edges of the raised section 
of the deck. The structure is designed 
for a live load of 1,000 Ib. per sq.ft. 

Along the river side of the quay are 
three stub tracks, with cross-over con- 
nections and a double-track approach. 
Two of these tracks are in front of the 
transit shed, and the other is near the 
water edge of the quay. This third 


track is between the rails of a track of 
15-ft. gage for the traveling portal 
cranes, which thus straddle the cars 
and can handle freight directly between 
ships and cars. At the rear or land 
side of the quay is a single track for 
the use of passenger trains run in con- 
nection with the steamer services. The 
63-ft. width of building on the raised 
deck leaves a 10-ft. platform on the 
freight or river side and a 14-ft. pas- 
senger platform on the opposite side. 
This latter platform is covered by a 
glass canopy roof carried by cantilever 
trusses. 


Pile and frame construction 


Concrete piles, generally 40 ft. _ long, 
are driven in bents spaced 124 ft. c. to c. 
In the bents the spacing of the piles 
varies from 114 ft. to 154 ft., to suit 
the column spacing in the superstruc- 
ture. Under the transit shed there are 
three sets of twin piles, 30 in. c. to c., 
capped to support the columns. Where 
a part of the quay is on a curve of 
1,325-ft. radius, the bents are arranged 
radially, with the 125-ft. spacing in the 
front row. Piles in the first four rows 
from the face are 16 in. square; all the 
others are 14-in. square. 

To afford ample lateral resistance to 
shocks from vessels coming alongside, 
the face of the quay is carried on pairs 
of the 16-in. piles at intervals of 25 ft., 
and each pair of piles is surrounded by 
a precast concrete caisson or shell 6 ft. 
in diameter. The caisson, which has a 
steel cutting edge, is lowered into place 
over the piles and then filled with con- 
crete to form a solid pier. In this 
respect the construction is somewhat 
similar to one of the Havre quays, 
mentioned above, but in the latter the 
caissons were 14 ft. square and enclosed 
a group of nine 20-in. concrete piles. 

On the face of each of the Parkeston 
caissons is a bracket to form a seat 
for a vertical post of the timber fender. 
No allowance is made for the load- 
bearing capacity of the caissons, only 
the piles being relied upon for support. 
Upon all the piles, and bonded to 
them, are columns of rectangular sec- 
tion capped by transverse girders and 
connected by sills at low-tide level. 
Stringers framed between the girders 
at panel points carry a deck of the slab 
and beam type. This slab is 6 in. thick, 
increased to 104 in. for a width of 4 ft. 
under the outer crane rail, near the 
water edge of the quay. But where 
the’ slab’ forms the first floor of the 
transit shed, its thickness is reduced 
to 44 in. The horizontal and vertical 
diagonal bracing in each 275-ft. bay 
between expansion joints is shown in 
Fig. 2. 

With the face of the quay supported 
by the concrete piers at alternate bents, 
horizontal diagonal braces in the outer 
panels transmit shocks to the adjacent 
bents. Vertical diagonal bracing is in- 
troduced in the panels of the alternate 
bents at these piers, to afford additional 
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FIG. 2—FRAMING of typical panel of quay includes horizontal diagonal bracing 
and vertical bracing between bents. The elevation shown at the top is of the line 
at the rear of the horizontal cross-bracing at the panel center. 


lateral stability. The facia girders of 
25-ft. span between the columns on the 
piers are 14x36 in. in section. 

The columns under the face of the 
quay, built upon the piers, are 48x16 
in.; intermediate columns built on the 
piles are from 14 in. square to 14x28 in. 
The caps or transverse girders of the 
bents are 13x33 in. in the front panel and 
then 13x24 in. At the face of the quay 
they are cantilevered 3 ft. beyond the 
columns to form brackets against which 
the fender posts are secured. At the rear 
of the quay these girders are also canti- 
levered 3 ft. beyond the columns. The 
deck beams or joists are mainly 9x13 in., 
spaced 46 in. c. to c. In the lower 
stage of the bracing, the transverse sills 
are 14x12 in., and the longitudinal 
stringers 14x11 and 12x10 in., except 
that those of 25-ft. span between the 
cylinder piers are 18x16 in. Kneebraces 
or haunches are arranged at connections 
of all horizontal members to the ver- 
ticals. 

Along the face of the deck slab is a 
9-in. curb 18 in. high, which, with a 
9-in. brick wall on the deck, forms a 
cable conduit, covered with precast 
concrete slabs. Upon the concrete deck 
is a 14-in. bed of sand and a 4-in. tar- 
macadam paving, the finished surface 
being flush with the curb and conduit. 
Drip pipes in 2-in. holes near the front 
of the quay, with funnel-shapped tops 
covered with gratings, provide drain- 
age for the deck and filling. A pro- 
tective fender consists of timber posts 
16x16 in. seated on brackets on the 
cylinder piers and bolted against the 
ends of the cap girders of the bents. 
Between the posts is a line of horizontal 
creosoted timbers 12x12 in., bolted 
against the face of the curb wall along 


the face of the quay. Alternate posts 
extend 3 ft. above the surface of the 
quay, as a precaution against the case 
of exceptionally high tides. On the 
faces of the posts are bolted 4-in. steel 
chafing plates, and their tops are cov- 
ered with zinc caps. 

Three expansion joints with 2-in. 
openings extend across the entire 
width of the deck. They are covered 
with 7-in. steel plates 4 in. thick, set 
in recesses in the top of the concrete 
and anchored tothe slab on one side 
of the opening. The recesses have a 
bituminous mastic filler. At these joints 
the two adjacent bents are 5 ft. c. to c., 
with the next bents 10 ft. from them, so 
as to maintain the normal spacing of 
124 ft. 

For the freight tracks along the front 
of the quay, ties are laid on ballast 
filling, with guard-rails to form the 
flangeways in the paved surface. For 
the crane tracks, however, 100-Ib. 
T-rails are bolted to concrete longi- 
tudinals on the deck and have steel 
guard angles 3x6 in. to form the flange- 
ways. For the single track along the 
rear of the quay, the ordinary ballasted 
track is laid on the slab. A pipe hand- 
railing on concrete posts bolted against 
a curb, which retains the ballast, ex- 
tends along the outside of this track. 


Construction methods 


With the exception of the precast 
piles, practically all the concrete of the 
Parkeston quay was poured in place. 
In this respect, the work differs essen- 
tially from the Havre quays already 
mentioned, where the framing con- 
sisted of precast members. The work 
of placing forms and pouring concrete 





in the lower part of the structure 
attended with some difficulty, bec 
of being below high-tide ievel. 

sills of the bottom set of bracing 
only about a foot above normal low 

Concrete piles 40 ft. long 
driven to a penetration of about 1¢ :; 
the last 7 ft. being in a gravel fo: 
tion underlying the soft river mud 
silt. The piles were handled by a 5 
locomotive crane. Piledrivers with 3 
steam hammers worked on the dec\. 
a temporary timber-pile trestle <x. 
tending the full width of the w 
Part of the deck and framing was ta. 
up and shifted forward as the 
driving progressed. At one place 
old masonry retaining wall was 
countered, through which holes for +}. 
piles were punched by means of a +) 
ber pile shod with a heavy iron pont 
The specifications required that pen 
tration under the hammer should 1. 
exceed 1 in. for the last fifteen b! 
with a drop of 24 ft. In practice, atte: 
being driven to resistance, the penetr: 
tion averaged about } in. per blow an‘ 
finally 3 in. on fifteen blows. A few 
piles went below grade before the rr: 
quired limit of penetration was reache', 
but the resistance became much greate: 
if driving was stopped for a while. \: 
the twin piles the second frequent! 
went deeper than the first pile. 

With the piledriving completed, + 
concrete of the heads of the piles wi. 
broken away to the level of the bottom 
sills, or about a foot above normal lo. 
tide, the reinforcing bars being left ex 
posed for about 30 in. to bond with 
the concrete of the columns built on 
the piles. As a few piles were driven 
below the desired elevation, their head, 
were broken away to give sufficient lap 
for the column bars, which were ex- 
tended downward for the purpose an 
bent into the kneebrace connection: 
between the piles and the bottom of the 
sills. 

Most of the precast cylinders were 11 
single lengths of 24 ft., but for con- 
venience in handling with the lighter 
cranes on part of the work, some o! 
the cylinders were made up of two 
lengths of 15 and 9 ft., with annular 
tongue-and-groove joints. When tw? 
piles for the pier were driven, the mu: 
was dredged away to give a clean bot- 
tom, and three timber guide-piles were 
driven on a circle of 6-ft. diameter. 
within which the caisson was lowere( 
by a crane. Penetration of the cutting 
edge was effected by striking the cai-- 
son with a long timber or by raising 
and dropping the caisson a few feet at 
a time. 

A diver leveled the surface in ai- 
vance and-~ afterwards inspected the 
sealing of the caisson; with the 
two section caissons he also inspecte | 
the joints. Small sacks of concrete 
were dropped into the caisson to se.l 
the bottom, after which the vertic:! 
reinforcing bars were set in position an 
concrete filling was placed under water 
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by means of a tremie. Forms were 
used for the top of the pier, above the 
caisson. 


Marine concreting 


For the construction of the concrete 
superstructure of the quay, a part of 
the temporary trestle for the pile-driv- 
ing had been left in place, and trom 
this the forms for the lower section of 
the work were suspended by cables. 
The trestle thus carried the weight of 
the poured concrete. Wood forms were 
used throughout, except the steel forms 
for the precast caissons. Since concret- 
ing of this lower section was limited to 
periods of about four hours at low tides, 
this work was done by day and night, 
according to tide conditions. But a 
good part of this working time was oc- 
cupied in clearing the forms and re- 
inforcement from silt deposited during 
high tide. Occasionally, the water did 
not recede to its normal low-tide level, 
so that work had to be postponed. 

For this part of the work the mixing 
plant was mounted on a barge, and the 
concrete was placed by wheelbarrows 
on plank runways. The lower parts of 
the columns and the inclined braces 
were poured at the same time as the 
horizontal beams or sills. After the 
concrete in this part of the structure 
had set, the forms for the upper part 
were placed and the concrete, up to the 
level of the haunches of the girders 
and stringers, was poured from the deck 
of the temporary trestle. After the 
girders and stringers had been poured, 
the deck beams were concreted in forms 
supported on the finished work below. 
The pouring of the deck slab completed 
the structural work. 

Gravel concrete of 1 : 2 : 2} mix 
was used, made in 4-yd. mixers and 
distributed mainly in wheelbarrows on 
plank runways. Compressive tests are 
reported as showing strength of 5,900 
and 7,900 Ib. in fourteen days and 
twelve months, respectively. All steel 
reinforcement has a minimum cover of 
1} in., but all concrete below the deck 
(including the bottom of the deck slab) 
was given two coats of tar paint. This 
is mainly as protection for the reinforce- 
ment, but it also prevents the accumula- 
tion of marine growths on the concrete 
parts, 


Transit shed and quay equipment 


Passenger facilities and freight stor- 
age are provided in the transit shed, a 
two-story’ structure, 920x63 ft., of steel- 
frame construction, with concrete floors, 
In the first story the headroom is 15 ft., 
and in the second story it is 12} ft. 
clear under the triangular roof trusses. 
Two continuous skylights on each slope 
of the roof give good daylight for this 
upper story. Its floor has concrete 
platforms cantilevered outside large 
doorways on the water side, so that 
the cranes on the quay can handle 
freight directly between ships and the 
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FIG. 3—CONCRETE VIADUCTS form ap- 

Proach to mew quay at new marine termi- 

nal at Parkeston, England, for the London 
and Northeastern Railway. 


upper floor of the shed. There are also 
six electric freight elevators. 

On the water side of the building a 
10-ft. freight platform extends beside 
one of the freight tracks. On the op- 
posite side is a 14-ft. platform along 
the passenger track. Ramps with a 
slope of 1 in 74 connect the deck of 
the quay with the raised floor of the 
shed. Adjacent to the building, a 
covered track and platform are provided 
for the customs examination of the 
sealed freight cars of foreign railways, 
which are moved here from the car- 
ferry steamers. 

At the middle of the first floor are 
the passenger accommodations and rail- 
way station, including waiting rooms, 
baggage rooms, ticket office, restaurant, 
telegraph and telephone offices, and an 
office for exchange of foreign moneys. 
There are also the baggage-inspection 
rooms and customs and passport offices. 
These quarters are adjacent to the pas- 
senger platform. 

On the quay are nine electric portal 
traveling cranes of 5- and 14-ton ca- 
pacity, having luffing booms that can 
be lowered to the horizontal position. 
These cranes travel on a track of 15-ft. 
gage and straddle one of the railway 
tracks, as already noted. Electric cap- 
stans mounted in covered pits in the 
deck enable cars to be shifted by means 
of ropes. There are seven of these 
capstans on the main part of the quay, 
and four serve the passenger track and 
its connections. Mooring posts are in- 
stalled about 100 ft. apart along the 
front of the quay. 


Approach viaducts 


As the quay extension was built a 
little distance out from the shore line, 
its railway approaches at the end are 


built on two curved concrete viaducts , 


or trestles extending across a small 
bay that may be filled later for a widen- 
ing of the freight yards. The double- 
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track viaduct (Fig. 3) serving the 
freight tracks at the front of the quay 
is about 550 ft. long and is composed 
of three-pile bents with 14-in. concrete 
piles, the outer piles being battered 
The bents, 124 ft. apart, have concrete 
caps 12x24 in., with stringers or joists 
9x13 in., about 46 in, c. to c., and a 
6-in. deck slab 27 ft. wide. Longitu- 
dinal and transverse sills are built just 
above low-tide level, with diagonal 
members above them, as shown. 

For the single passenger track along 
the rear of the quay, the viaduct, about 
500 it. long, has two-pile bents of bat 
ter piles 16x16 in. The arrangement 
of caps, sills and deck is very much the 
same as in the other trestle, but the 
deck is 16 ft. wide and X-bracing is 
built between the two piles. Each 
viaduct has a 2-in. expansion joint at 
the middle and at its connection with 
the quay. These joints are covered 
in the same way as those in the deck 
of the quay. At the middle of each 
section formed by the middle expansion 
joint, four bays or panels have longi- 
tudinal and transverse diagonal brac 
ing to insure stiffness of the structure. 

Ballasted track construction of the 
standard type is laid on the viaducts. 
Each has a hand-railing on both sides, 
consisting of concrete posts bolted out- 
side the deck curb (which retains the 
ballast) and carrying three lines of pipe 
rails. Short earth embankments con- 
nect the viaducts with the existing tracks. 


Engineers and contractors 


The concrete quay and viaducts were 
built by the Yorkshire Hennebique 
Contracting Co., of Leeds; the building 
was erected by George Longden & Son, 
of Sheffield. Design and construction 
of the entire project were done under 
the direction of C. J. Brown, chief 
engineer of the London & Northeastern 
Railway, at London, England. 





Industrial Disease Codes 
To Be Formulated 


Work is being begun on codes for 
the prevention of industrial diseases, es- 
pecially those caused by the inhalation 
of toxic dust and fumes, according to a 
statement recently issued by the Amer- 
ican Standards Association. Silicosis 
and related diseases are to be included. 
Specific projects for codes deal with 
rock drilling and granite cutting in ad- 
dition to abrasive cleaning, spray coating 
and chromium plating. 

The association says that a thoroughly 
bad situation has developed in the courts 
in respect to such diseases. Twelve 
states have extended workmen’s com- 
pensation to cover industrial diseases, 
and as a result industries as well as in- 
surance organizations feel that research 
into causes and prevention and _ the 
formulation of standards of practice for 
prevention are important. 
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Strength of Materials 


Reviewed by H. F. Moore 


Research Professor of Engineering Materials, 
University of Illinois, Urbana, Ill. 


ELEMENTS OF STRENGTH OF MA- 
TERIALS—By S. Timoshenko and Glea- 
son H. MacCullough. Cloth; 6x9 in.; pp. 
350. Line drawings and tables. Pub- 
lished by D. Van Nostrand Co., Inc., 
New York City. $3.25. 

HE RAPID development of meth- 

ods of computation of stress and 
strain that has taken place during the 
past decade or two has made the prob- 
lem of selecting the subjects to be in- 
cluded in an elementary textbook on 
mechanics of materials one of no small 
difficulty. This book is a worthy addi- 
tion to the group of such elementary 
texts that have appeared in recent 
years, and it is evident that the au- 
thors have given thought to the selec- 
tion of subjects to be included, and 
have so arranged chapters and sections 
that any of the more advanced methods 
of stress analysis can be omitted with- 
out sacrificing continuity of treatment. 

This book reflects the influence of 
continental European methods of pre- 
senting stress analyses, as might be 
expected (and welcomed) from as dis- 
tinguished an apostle of those methods 
as Professor Timoshenko. At the same 
time the general arrangement and the 
free use of numerical examples and 
problems show an appreciation of the 
needs of American methods of teaching. 

The extensive use of . mathematical 
formulas in stress analysis tends to 
lead undergraduate students to pay 
insufficient attention to the underlying 
assumptions and limitations of those 
formulas; there is danger of ‘formula 
worship.” This book, like most of the 
newer books on strength of materials, 
gives careful statements of underlying 
assumptions and limitations of methods 
when applied to actual materials. As 
is the case with any text, the teacher 
must face the problem of steering the 
student mind between the danger of 
formula worship and the danger of 
feeling that the formulas are not relia- 
ble because the behavior of actual ma- 
terials differs widely from that of the 
ideal material assumed in developing 
the formulas for stress and strain. In 
any event this text will give the careful 
teacher excellent material for meeting 
the problem. 

The usual methods are given for 
analysis of compression and_ tension 
members, of torsion-carrying members, 
and of flexural and shearing stresses in 
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statically determinate beams. In con- 
nection with deflection of beams and 
with analysis of statically indeterminate 
beams, the double integration method, 
the moment-area method and the energy 
method are all discussed and are so 
arranged that any one of the methods 
can be omitted with very little inter- 
ference with the presentation of the 
other methods. Special subjects in- 
clude curved beams, eccentric loads on 
columns and energy of strain with 
application to impact stresses deter- 
mination. 

Throughout the book such subjects as 
statically indeterminate stress, stress 
concentration, and combined stress ef- 
fects are introduced at several points; 
first in connection with the simpler 
methods of stress analysis, and later 
in more elaborate form. It is the re- 
viewer's opinion that this method gives 
the student a clear and comparatively 
easy approach to these subjects. 

Two features of the book caught the 
reviewer’s attention: (1) the treat- 
ment of columns; and (2) the treatment 
of beams made of material which does 
not follow Hooke’s law. Strength of 
columns is pictured as governed by 
two independent criteria—buckling and 
yield strength of material. This idea 
is extended by the concept of change 
of modulus of elasticity of metal 
stressed beyond its elastic range, and a 
diagram is shown representing the field 
covered by these two criteria, with the 
sharp intersection at the point where 
the effects of the two criteria are the 
same, “rounded off” by the change in 
modulus of elasticity. Then the various 
empirical column formulas in common 
use are shown to fit this diagram fairly 
well. 

The stresses in a beam made up of 
material that does not follow Hooke’s 
law are treated briefly for a simple 
case, and this treatment leads to a dis- 
cussion of built-up beams of two mate- 
rials and of reinforced-concrete beams. 

The concluding chapter deals with 
the properties of various materials, and 
includes a brief consideration of strain 
hardening, residual stress, mechanical 
hysteresis, properties of metals at high 
temperatures, fatigue of metals and 
theories of failure of metals: The re- 
viewer feels that in this chapter a little 
more attention might have been paid 
to the nature of the different kinds of 
structural damage that cause materials 
to fail to function properly. 

Probably neither the average Ameri- 
can engineering undergraduate nor the 





average instructor in ‘mechanics w 
class this as an easy book. Its effec 
use will require a good instructor 
a well-organized teaching departm 
but this is true for any text in stre: 
of materials if it is at all adequat 
present-day needs. This book impre 
the reviewer as highly suitable for 
in courses in which there are “h 
sections,” whose students study spe is! 
subjects in strength of materials : .; 
are deemed too difficult for the averic 
section. 


Russian Construction 


CONSTRUCTION OF THE PIERS oF 
THE SARATOV_BRIDGE—By M. 
Kienia and N. N. Lichoshersti. Clo:! 
6x9 in. i PP, 496. Printed in Russian ani 
published by State Railroad Transport 
Publishing, Moscow, U.S.S.R. 

Reviewed by Leon S. Moisseiff 
Consulting Engineer, New York, N. Y. 
THE REpPorT on the construction of the piers 
of the Saratov Bridge, the subject of th: 
following review by Leon S. Moisseiff, is a 
book that under other circumstances wou) 
not be subject to review in these columns 
The book is not a text on bridge founda- 
tion construction ; it is simply the engineers’ 
report on work carried on under their dire - 
tion, such as is submitted to the owners b\ 
engineers in this country following the com- 
pletion of most large undertakings. Its siz- 
nificance is found in the fact that it is prob- 
ably the first report of this character ¢ 
come out of Soviet Russia. Thus it may lx 
taken as the forerunner of many similar re- 
ports in which Russian engineers will adi 
their experience to the store of knowledge: 

that is the basis of sound engineering 

EpItor 

HE CITY of Saratov lies on the 
shores of the river Volga. An im- 
portant railroad line crosses the river, 
which is more than a mile wide. There 
is no bridge for the railroad to cross, 
and the transfer of freight was more 
recently effected by a car ferry. More 
than 40 years ago both the city and 
railroad began to discuss actively the 
building of a bridge; numerous schemes 
were proposed, and many reports were 
duly submitted. Not, however, before 
the industrial development of the coun- 
try began to be pushed vigorously was 

a bridge actually authorized. In 1929, 

after much study of the geology and 

hydrology of the site and the required 
freight capacity, a bridge was decided 
upon. 

The Volga is an alluvial river, and 
the ground at the location of the bridge 
is made up of layers of clay and sand 
of various consistencies. The super- 
structure of the bridge is about one 
mile long; it consists of seven main 
spans, forming three cantilevers, two oi 
which are 635 ft. each, and nine short 
spans 216 ft. each. 

The book under consideration is a 
most interesting document. It has a 
historical significance that is emphasized 
by the story of the bridge project, 
which is told in full. The record of the 
vagaries of the project and much oi 
the argumentation reflect the spirit o/ 
a past epoch in Russian history, of its 
volubility and lack of decision. Th: 
reviewer himself vividly remember: 
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having been visited in Moscow by an 
engineer fathering one of the plans and 
having been told with prophetic fervor 
that to build a bridge at the selected 
location would bring down ruin to the 
structure and its sponsors. Even the 
selection of the type of superstructure 
was argued with a flavor of sentimental 
revolt. 

The book gives a complete record of 
the building of the caissons, their plac- 
ing and sinking, the mechanization of the 
work, and the amount of material and 
manpower consumed. The book re- 
minds one of the famous English con- 
struction reports of about the middle 
of the last century. The authors, who 
served as chief engineer and assistant 
chief engineer, were in charge of or- 
ganization of the work, design and con- 
struction of the caissons, their sinking 
and the building of the piers. They 
were the planners as well as_ the 
builders. They showed skill and judg- 
ment in the utilization of the available 
dead and live material. Some proof of 
this is the fact that the actual cost of 
the completed work was about 20 per 
cent less than the detailed estimate. 
Three-quarters of the book is taken up 
with the record of the work, history of 
the project, study of physical conditions 
and of superstructure, organization of 
the work, triangulation, types of cais- 
sons used and their construction, sink- 
ing, caisson disease and building of the 
concrete piers. Some 85 pages are 
devoted to the computation and design 
of concrete caissons reinforced by steel 
or by timber, and their sinking equip- 
ment. To this are attached documentary 
records and _ statistical information. 
M. A. Kienia, one of the authors, re- 
cently wrote of his successful utilization 
of timber as a means of reinforcing 
concrete caissons (ENR, March 21, 
1935). 

The usefulness of the work for the 
foundation engineer of U.S.S.R. is ap- 
parent. Information contained in the 
book furnishes a sound basis for future 
planning of similar work, the cost of 
materials and labor as well as the cost 
of fuel, and housing for the men em- 
ployed on the work, because in this case 
the planning engineers are also the con- 
tractors. It is regretted that the book 
is not accessible to those unfamiliar with 
the Russian language. 


Miscellaneous Notes on 
Booklets and Reprints 


A Hovustnc Survey of Kansas City, 
Mo., prepared as a part of the Missouri 
ERA non-manual works program in col- 
laboration with the City Plan Commis- 
sion of Kansas City, is published in a 75- 
page report supplemented by many charts 
and maps. The booklet contains data rela- 
tive to some 40 facts on housing obtained 
from each of near)y 130,000 family units. 
In many respects the housing survey fol- 
lowed the questionnaire used in the real 
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property inventory conducted by the 
Bureau of Foreign and Domestic Com- 
merce. Available from the City Plan 
Commission, City Hall, Kansas City, Mo. 
Price not stated. 


A Descrretion of the Manchester, 
England, sewage works at Davyhulme 
and Withington has been prepared, fol- 
lowing the completion in 1934 of ex- 
tensive improvements to the Davyhulme 
works. The illustrated booklet, contain- 
ing 40 pages, is available from the 
Rivers Department, Ship Canal House, 
King St., Manchester, England. 


AN INVESTIGATION of bell-and-spigot 
joints in cast-iron water pipes with re- 
spect to pull-out strength and _ bell 
strength, and tests of the strength of a 
harness, for retaining a 36-in. bell and 
spigot joint, is published as Bulletin No. 
87 of the Engineering Experiment Sta- 
tion, Ohio State University, Columbus, 
Ohio. Written by Prof. John C. Prior, 
the bulletin contains 57 pages and is 
available for 50 cents. 


STREAM FLow Recorps—1934, has been 
published recently by the Pennsylvania 
State Department of Forests and 
Waters, in cooperation with the U. S. 
Geological Survey. In addition to flow 
data from 110 gaging stations in the 
drainage basins of the Delaware, Sus- 
quehanna, Potomac and Ohio Rivers, 
a summary of monthly precipitation 
records is included with a map of 
isohyetal lines of distribution. 


TECHNOLOGY Reports of the Tohoku 
Imperial University, Sendai, Japan, 
Vol. XI, No. 4, include papers on the 
effect of shear stress upon the strength 
of a straight beam, a comparison of 
divergent and convergent flows of a 
viscous and a perfect fluid, impact 
torsion tests, the nitrogen case-harden- 
ing of steels, and other subjects. The 
reports are published in English and 
are available from the Tohoku Imperial 
University. 


AMONG CuRRENT INDUSTRIAL STUDIES 
the National Industrial Conference 
Board (247 Park Ave., New York. 
$1.00) report on the claimed shortage 
of skilled labor in the metal-working 
field takes a prominent place. It pre- 
sents data of an inquiry showing that 
metal-working has a | per cent of labor 
shortage in the skilled grades on present 
production and a 7 per cent shortage 
on the basis of full production. The 
inquiry covered 287 replying employers 
and 115,000 workers. While the data 
found, especially in view of their dis- 
tribution and internal characteristics, 
do not appear particularly serious, the 
analysis of causes and the discussion of 
possible remedies is highly instructive. 
Employers and labor are pictured as 
jointly responsible. Apprenticeship and 
worker-rehabilitation training are men- 
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tioned as leading possibilities. The 
subject in hand involves the whole trend 
toward machine specialization and the 
resulting demand for operatives rather 
than machinists. The report has a sug- 
gestive value reaching far beyond the 
metal-working field. 


\NALYsIS of continuous-arch systems 
and a theorem of nine displacements 
are published in a reprint from the 
Memoirs. of the Faculty of Engineering, 
Kyushu Imperial University, Fukuoka, 
Japan. The treatise is written by 
Kozaburo Mise, professor of civil engi- 
neering. Both text and charts are in 
English. 


Comparison of the physical properties 
of mortars and concretes made with a 
normal portland cement and a blended 
cement (79 per cent portland and 21 per 
cent natural) is given in Bulletin No. 47 
of the Engineering Experiment Station, 
Purdue University, Lafayette, Ind., 
which is a report of an investigation 
conducted by the station in cooperation 
with the Louisville Cement Co. by R. E. 
Mills and R. B. Crepps of the station 
staff. Such properties as strength, 
modulus of elasticity, plastic flow, fa- 
tigue, expansion and contraction, and 
durability, as measured by freezing and 
thawing, are covered. Price 50c. 


Mass Concrete setting temperatures for 
three large dams under construction in 
Scotland as compared with laboratory 
determination of temperature rises of 
concrete samples cured adiabatically, us- 
ing the same cement in the field and in 
the laboratory, are given in Technical 
Paper No. 18 of the Building Research 
Station, Department of Scientific and In- 
dustrial Research (Great Britain). The 
dams are the Laggan Dam near Port 
Williams, the Tongland Dam, near Kirk- 
cudbright, and the Clatteringshaws Dam, 
across the Blackwater of Dee. The dams 
are of the gravity type except the Tong- 
land Dam, which includes both an arch 
dam and a gravity section. The bulletin 
is available from His Majesty's Station- 
ery Office, London; price 9d. net. 


New Books and 
Revised Editions 


[Those desiring copies of the books listed 
below or mentioned elsewhere in this sec- 
tion should order them from the publishers 
or from their local booksellers.} 


SURVEYING—By Harry Bouchard. Fab- 
ricoid ; 5x8 in.; pp. 586. Maps, diagrams, 
tables. Published by International Text- 
book Co., Scranton, Pa. $3.75. 


PRECISION WORKSHOP METHODS—By 
H. J. Davies. Cloth; 6x9 in.; pp. 306. 
Diagrams. Published by Edward Arnold 
& Co., London; and by Longmans, Green 
& Co., New York, N. Y. $6.75. 


THE CHEMISTRY OF CEMENT AND 
CONCRETE—By F. M. Lea and C. H. 
Desch. Cloth; 6x9 in.; pp. 429. Photo- 
graphs, diagrams, tables. Published by 
Edward Arnold & Co., London; and 
Longmans, Green & Co., New York, N. Y. 
$9.50. 
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Engineerin gon the Job 


ITHIN the range of work accomplished in con- 
W ins battle with deep water, tides and storms 

the construction of the south pier of the Golden 
Gate Bridge is of unquestioned preeminence. The care- 
fully written account that occupies the leading pages of the 
present issue records the history of the task and the meth- 
ods by which it was at last brought to sucecss after a long 
series of difficulties and persevering effort by the builders. 
But though it sets forth the facts complete, it necessarily 
does so with a brevity that justifies unusually careful 
study if the engineer who reads it is to obtain an ade- 
quate conception of the operation. “Those men who fi- 
nally succeeded in completing the pier may justly take 
high satisfaction in their achievement ; it will not soon be 
repeated. Yet the work has an importance as an engi- 
neering document much greater than that due to its 
difficulty alone, and this lies in the exceptional degree 
to which the actual construction shaped and determined 
the engineering character of the structure. It needs 
only a comparison of the ultimate pier, its widespread 
base incorporating the whole area of the ring-shaped fen- 
der, with the original plan to reveal the thoroughgoing 
change in design that came about in the course of the 
work. The pier as it stands today is, in truth, the prod- 
uct of the construction operations themselves. Only 
a remarkably close and understanding study of the con- 
ditions that arose during the work could have succeeded 
in developing an engineering structure satisfactory and 


adequate to engineer as well as constructor. Rarely. 


indeed is the decisive importance of field engineering 
brought so clearly to view as in this noteworthy piece of 
construction. 


A Delicate Task 


A DEFINITE ADVANTAGE should follow success of the 
movement recently initiated to organize construction 
equipment manufacturers and distributors into a general 
association. The movement indicates a breadth of reali- 
zation of the unity of the industry that has not been 
conspicuously evident in its traditions and past practices. 
The advance survey undertaken by the organizing com- 
mittee should show how general and clear this vision is. 
It can be sufficiently keen to make association a success, 
and by the same token it can as easily be so shortsighted 
as to make its failure certain. Lack of vision will be 
shown if organization purposes are directed patently to 
selfish service to the industry; an economic service tu 
construction has to be the impelling purpose for success. 
With this assured in the agenda of the association and 
purposefully carried out in its actions, the industry will 
receive its rewards in business and profits with far 
greater certainty than by price-fixing or influence on 
legislative action. True federation of the heterogeneous 
competitive elements that make up the construction equip- 
ment industry calls for organizing wisdom of high quality 
and purpose. The entire range of construction has an 


interest in the success of the task, and the hands of t) <. 
undertaking it should be upheld as they prove efficie: 
their work. 


Essay on a Definition 


REcENT DEVELOPMENTs in the field of reinforced ¢ y- 
crete raise some doubts of the justification of the tim 
as a descriptive name for some of the current com))i- 
nations of steel and concrete. In the extensive stu, 
of reinforced-concrete columns at Lehigh University »1( 
the University of Illinois, the unusual importance of *he 
vertical steel as a load-carrying element was forc’))| 
brought out, and more recently the same fact has been 
demonstrated in connection with reinforced brickwork. 
Not only does the steel carry the stress assigned to it 
but it assumes a great deal more in the course of a few 
months under load. This is only possible because it is 
reinforced and is given lateral support by the concrete 
Conversely, the spiral steel provides a toughening and 
supporting bond for the concrete. If such a column, 
made of concrete, rods and spiral wire, may be called 
reinforced concrete, it may also as truly answer to the 
name of reinforced steel. The mutual -reinforcing effect 
is also noted in the thin concrete shell dome and vault 
roofs used in Europe, in which the concrete braces and 
confines the steel, stiffens its assemblage and holds it in 
position, while the steel for its part carries most of the 
load and makes the concrete better able to resist shear. 
The question raised at the outset concerning the descrip- 
tive quality of the term reinforced concrete, then, is 
obviously pertinent. But of course it does not affect the 
vital fact that the combined materials are stronger than 
either alone. 


A New Tool 


FuRTHER DEVELOPMENTS in geophysical methods of de- 
termining earth character at shallow depths were presente‘! 
in an excellent review of progress published last week. 
The outstanding feature of this recent research work 
performed by the Bureau of Public Roads is its demon- 
stration of the practicability of seismic methods. In the 
minds of many experts these have advantages for the 
normal foundation operation over the more familiar 
process of using electrical resistivity measurements. 
Though well established for deep geological determina- 
tion in mineral surveys, the seismic method has been 
handicapped for general foundation and particularly for 
highway work by the heavy equipment commonly use: 
in mining. The essential accomplishment of the Bureau 
of Public Roads experiments has been simplification of 
equipment to make it easily mobile and adapted to rapid 
work. The experiments indicate that little sacrifice of 
accuracy was involved in the changes of procedure, ani 
that a new tool for the highway and foundation en- 
gineer has been advanced well on its way to general and 
successful use. 


Line Drilling 

A CONSPICUOUS ELEMENT of the construction work at 
Wheeler Dam is the extensive use of line-drilling in ex- 
cavating for the deep foundations of the power house an‘! 
for many shallower rock cuts. Outside of a few large 
cities where rock has to be excavated true to line tv 
avoid injury to adjoining high buildings, line-drilling in 
rock is exceptional in construction operations, and on the 
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surface it looks to be extravagant. It is interesting, 
therefore, to: find in the account of the Wheelet Dam 
work (p. 259) that the saving in concrete in the power- 
house foundations obtained by the use of this method 
so much more than offset the cost of the added drilling 
as to result in the application of the method to shallower 
cuts made subsequently. Initially the line-drilling was 
not undertaken to save concrete but to avoid disturbance 
of the foundation rock, a stratified limestone in almost 
horizontal beds. The unexpected economy that resulted 
cannot but raise question as to whether line-drilling or 
channeling might not result in like economies on other 
rock operations, where line-drilling heretofore would 
not have been considered—at El Vado Dam, for example, 
where, according to the account published in our issue 
of Aug. 15, p. 211, steel lining was substituted for con- 
crete in the spillway channel because of abnormally high 
overbreak in the rock. Obviously, rock conditions there 
or on other projects might be such as to make the line- 
drilling or channeling more costly; nevertheless the 
Wheeler Dam results clearly indicate that these are meth- 
ods to be taken into consideration. 





Savings Go Back to Work 


HOEVER has glanced at current construction 
W sss within the past three months has had 

occasion to note a remarkable increase in indus- 
trial contract awards over 1934. Those who followed the 
figures more continuously will have noted in addition that 
the gain continued from month to month, and that mid- 
summer unexpectedly brought further acceleration to the 
forward movement. The net fact as of today is that since 
the end of March there has been a vigorous new activity 
in industrial expansion fully doubling the 1934 rate, and 
that since the beginning of the year a gain of nearly 90 
per cent has been registered over the corresponding period 
of last year. 

These phenomena contrast surprisingly with the experi- 
ence of the past four years. Capital is evidently going 
back to work in the sole field where it can find creative 
opportunity—in industry. The great meaning of this fact 
for industrial progress lies in the accumulative effects of 
the long stagnation. Deterioration and more particularly 
superannuation of plant have gone on unceasingly. At the 
same time market conditions have. been changing mate- 
tially, and the adjustment of productive plant to the coun- 
try’s needs is by no means the same as was found adequate 
in 28 and ’29. Thus a vast field for improvement and 
readjustment has been created. Further intensifying this 
situation is the fact that new products and new processes 
have been created, partly by research and partly by com- 
mercial and technical evolution, which require new facili- 
ties for their utilization. In view of such conditions the 
broad opportunity for putting new industrial capital to 
work needs no special demonstration. 

That capital is going back to work in response to these 
demands proves that men have continued to save regard- 
less of the pressure of the times, and that they have re- 
gained courage and confidence to the extent of desiring 
to renew and increase their participation in industry’s 
operations. That is why citizen savings are once more 
seeking for useful investment. At the same time, the fact 
that industry is resuming its normal growth shows that it 
recognizes the new needs arising from steady increase in 
the demand for its products, and also that it confidently 
expects this demand to increase further. 
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No event in current economic history could be of greater 
meaning as an index of accelerating recovery. The growth 
and renewal of industry's plant is the vitalizing element 
of the country’s economic existence, and industrial plant 
investment is its pulse-beat. As saved wealth is turned 
into the channels of new enterprise and new productive 
power, it in turn calls upon the construction and equip- 
ment industries to convert it into effective working capital. 
It is this creative process that has too long been checked 
and now is once more becoming active. 

Supporting evidence of the forward-looking enter- 
prise that is now active may be found in the very different 
field of public improvement. The resumed PWA opera- 
tions since early summer have been showing a sustained 
high rate of project applications that reflects recognition 
of the need for improving public plant and facilities parallel 
with the new growth of industrial plant. That municipali- 
ties are turning away increasingly from dependence on 
free construction by the Works Progress Administration 
and instead are resorting to the PWA indicates a healthy 
outlook on the relation between financial responsibility and 
sound, efficient community development. 

This vigorous growth now in progress is not without its 
proportionate obligations. It invites new thought, new 
planning and new methods. The engineer and the indus- 
trial planner have work to do in meeting the demands 
of the new growth in adequate fashion. What construc- 
tion has accomplished within the past two years, notably 
in the great development projects that have gone ahead 
with unexampled speed, economy and efficiency, is a fair 
model of what engineering skill may contribute also to 
the rebuilding of the country’s industrial plant. 


Headlightless Highways 


ODIUM-VAPOR LAMPS have been selected for 

the San Francisco-Oakland Bay Bridge because they 

give light without glare. There is assurance that the 
roadway will have plenty of illumination. If so, why should 
headlights be used by automobiles while traversing the sev- 
eral miles of bridge roadway? At best, headlights are no 
help to the driver approaching from the opposite direc- 
tion; at worst they are a grave accident hazard. They 
have been an annoyance and a menace so long that it 
would be refreshing to have several miles of well-lighted 
roadway where headlights are taboo. Perhaps the Bay 
Bridge will be followed by other good lighting installa- 
tions on thickly traveled routes where headlights will be 
unnecessary and therefore should be forbidden. 

The objection has been raised that, if automobiles were 
to be driven with headlights out, it would mean, for 
most cars, that the tail lights would be out too, and 
emergency stops might then introduce a new hazard. 
Against this objection, however, it may be said that, if 
highways are to be lighted and the headlight-off rule 
is put in force even in a few places, automobile manu- 
facturers soon will provide a separate switch for tail 
lights. With present equipment headlights could be 
dimmed, at least, without shutting off tail lights, and 
even this would be a great improvement over the present 
intolerable headlight nuisance on crowded highways. 

It is urgent that progress be made toward better control 
of this deterrent to night driving. The indifferent light- 
ing that has been used on some heavily traveled routes 
has been ineffective in controlling it. The modern light- 
ing art is capable of far better performance, and the Bay 
Bridge should be an inspiration to further progress. 


LC CL ALOE 


——————— 
SR 
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CURRENT NEWS 





Added Funds 
For Chicago 
Sewer Work 


HE SEMI-ANNUAL report of the 

Sanitary District of Chicago to the 
U. S. Supreme Court indicates that $6,000,- 
000 was spent during the first half of 1935. 
Because of the unusual heavy precipitation 
during the period, water diverted from Lake 
Michigan was slightly more than the 6,500 
sec.-ft. permitted. Despite the vigilance of 
the engineers, heavy downpours this spring 
have brought several reversals of both the 
Chicago and Calumet rivers. By the end of 


1938 the court decreed (in 1930) that the_ 


flow must be restricted to 1,500 sec.-ft. 

Expenditures to date on the system of 
sewage disposal and treatment total $113,- 
757,000. Estimates on work still to be done 
amount to $96,000,000. Work is being 
financed through a PWA $42,000,000 loan 
and grant. A request made to PWA for 
an increase to about $58,600,000, to permit 
carrying out additional contracts, has been 
carried out by a recent contract rearrange- 
ment which has made available to the Sani- 
tary District an increase of $16,682,000. 

Work on the project financed by the orig- 
inal allotment is already far advanced, and 
the new funds will aid in complying with 
the Supreme Court's decision requiring a 
reduction in the amount of water diverted 
from Lake Michigan through the Chicago 
River. The new sum of $16,682,000 will be 
used for the following additional items of 
construction: Upper Des Plaines inter- 
cepting sewer; additional West Side sew- 
ers; Goose Island sewers; Harrison Street 
sewers; Halstead Street branch sewer; 
additional North Side sewers; Niles pump- 
ing station, syphons and sewer; Cherry 
Street intercepting sewer; Calumet Sewers; 
South Park Avenue, Stony Island Avenue, 
Colfax Avenue, Calumet City intercepting 
sewer; Argo sewer, to Natchez Avenue; 
Chicago River control works; West Towns 
intercepting sewers; North Side treatment 
plant extension. 

The new increase will come out of the 
old appropriation for public works con- 
struction and will be effected through a 
change in contracts covering the original 
loan and grant awarded to the Sanitary 
District in 1933. Under the original con- 
tract PWA agreed to purchase bonds of 
the Sanitary District to the full amount of 
$42,131,040. and upon completion of the 
work a sufficient number of the bonds to 
pay the grant of 30 per cent of the cost of 
labor and materials was to be canceled 
and handed back to the district. In an 
amendatory application submitted on June 
12 of this year, and which has just recently 
been approved, the district requested that 
PWA keep all of the purchased bonds and 
pay the 30 per cent grant in cash, thus 
making available $16,682,000 for the addi- 
tional proposed work. 


S ae Not to Buy District Canal 


a a. - government has been advised 
by the ee engineers not to purchase the 


National Resources Committee 
To Study Water Resources 


A Water Resources Committee, consist- 
ing of representatives from governmental 
agencies dealing with water problems in 
addition to other experts, has recently been 
completed by the National Resources Com- 
mittee. : 

Members of the new committee are: 
Abel Wolman, chairman, of the American 
Waterworks Association and Maryland 
State Planning Board; Thorndike Saville, 
associate dean of the College of Engineer- 
ing, New York University; N. C. Grover, 
chief hydraulic engineer, Water Resources 
Branch of the U. S. Geological Survey; 
Elwood Mead, director of the Bureau of 
Reclamation; Jay N. Darling, chief, Bio- 
logical Survey; H. H. Bennett, chief of 
the Soil Conservation’ Service; R. E. 
Tarbett, sanitary engineer, Public Health 
Service; Maj. General E. M. Markham, 
chief of the Corps of Engineers; Thomas 
R. Tate, director of the National Power 
Survey, Federal Power Commission; H. H. 
Barrows, professor of geography, Uni- 
versity of Chicago; Edward Hyatt, state 
engineer of California. 

The committee will be engaged in out- 
lining a plan for effective use of water 
resources and the continuance of the policy 
set forth in the report of the Mississippi 
Valley Committee and in the report of the 
National Resources Committee. 


Three Men Injured in 
Moffat Tunnel Blast 


An air drill operated by workmen in 
the Moffat tunnel pioneer bore exploded 
an old charge of dynamite, severely in- 
juring three men. The men were work- 
ing on the Fraser River water diversion 
project at West Portal, Colo., when the 
explosion occurred on Aug. 5. The pioneer 
bore of the Moffat tunnel was drilled 
through some ten years ago and it is 
believed that the unexploded charge of 
dynamite had been placed at that time. 
The work in the tunnel is being carried 
out as part of a project to divert water 
through the Moffat tunnel to the city of 
Denver. 





Main Drainage Canal from the Sanitary 
District of Chicago. Following a Congres- 
sional request, June 15, 1934, hearings were 
held by Lt. Col. D. H. Connolly, District 
Engineer, U. S. Army, in Chicago, and 
report made to Lt. Col. E. L. Daley, Upper 
Mississippi Valley Division, St. Louis, Mo., 
who has announced under date of August 
15 that the report is unfavorable. The prin- 
cipal grounds upon which the adverse con- 
clusions are based are that title to the 
canal is not needed to exercise control of 
navigation, no additional benefits would 
accrue nor can the purchase be justified 
from the viewpoint of equity. Interested 
parties have the privilege of appeal to the 
Board of Engineers for Rivers and Harbors 
in Washington to which the report is next 
referred. 


Molare Dam 
In Italy Fails 
In High Flood 


OLARE DAM on the Orba River 

Italy, a gravity type structure |: 
ft. high used to store water for hyd: 
electric power development, failed on Au 
13 during a flood that, according to u 
confirmed reports, was of very unusu:|! 
intensity. Waters released by the failur. 
of the dam, added to those of the stori) 
itself, swept down upon the town of Ova: 
and several smaller villages doing exte: 
sive damage and causing the loss of man) 
lives. 

The cause of failure is not known but 
from the press reports of the flood it a; 
pears reasonable to suppose that the dam 
was overtopped. 

The itollowing information concernin: 
the dam was obtained from Robert A 
Sutherland, designing engineer with Lar, 
Jorgensen, Berkeley, Calif., who spent 
year with the late Senator Luigi Luige: 
when the latter was a member of th 
Consiglio Superiore delle Acque, the bod) 
charged with the examination of plans oi 
dams submitted for government subsidy. 


Details of Molare Dam 


Molare Dam is on the Orba River in 
the Ligurian Appenines in the province o! 
Alessandria. It is situated about 30 miles 
from Genoa, which it supplies with power, 
but being on the northern slopes of the 
Appenines, the flood waters released flow 
north into the Po River. The nearest town 
of any size is Ovada, with Alessandria 
about 20 miles farther downstream. 

The reservoir of 14,000 acre-ft. capacity 
is known as Lake Ortiglieto and has a 
catchment area of 58 square miles. Flow 
records show floods in spring and autumn, 
with generally a very low flow in the 
summer time, owing to the rocky nature o/ 
the catchment, the upper portions of which 
however, are timbered. 

The dam is shown in plan and section in 
the accompanying drawing. It is of grav- 
ity type, arched in plan with a mean radius 
of 660 ft., and has a height above river 
bed of 150 ft. and a base of 125 ft. The 
crest of the dam proper is 465 ft. long 
and 20 ft. thick and carries a roadway 
under which pass 12 automatic siphon spill- 
ways. These operate in sets of three ai 
slightly different levels, so as to come into 
operation successively. The total capacity 
of the siphons is about 17,700 sec.-ft. Ther: 
is also a side channel spillway 223 ft. long, 
with a capacity of 5,300 sec.-ft., hence the 
total spillway capacity is 23,000 sec.-ft., 0: 
well above Fuller’s 1,000-year flood value 
for this size of catchment area. 

The dam was constructed about 1923 b) 
the Societa Officine Elettriche Genovesi 
and is built of concrete with plums of ser- 
pentine rock embedded therein. In the 
lower portion of the dam are three larg: 
chambers packed with dry rock fill, each 
chamber being drained as shown in th: 
drawing. The dam also has a genera! 
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drainage system consisting of vertical 
drains in the region of the upstream face, 
connected by inspection galleries to a dis- 
charge gallery. The upstream face is 
plastered with cement mortar and treated 
with a waterproofing compound. 

The Italian rules for dam construction 
do not require contraction joints for grav- 
ity dams arched in plan, and none are 
shown on the plans or mentioned in any 
of the descriptions. A smaller auxiliary 
dam closing a gap in the reservoir basin 
is of straight gravity type and is provided 
with contraction joints. 


Outlet capacity 


Two outlets are provided through the 
dam, one a scour outlet of 6-ft. diameter, 
and a main discharge outlet for emptying 
the reservoir in case of need. The latter 
js controlled by a cylinder gate mounted 
at the top of a stub tower, as shown, and 
this cylinder gate could be controlled very 
readily by hydrostatic pressure. The diam- 
eter of this outlet is 11 ft. at the cylinder 
gate, but reduced to about 9 ft. through 
the dam. The capacity of these two out- 


MOLARE DAM in Italy was a gravity type 

structure, arched in plan, 150 ft. high. 

It was built of concrete with three large 

chambers packed with rock in the lower 
portion. 


Side channel spillwa 
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lets was estimated as 7,000 sec.-ft., which 
was intended to be available to assist in 
the discharge of floods, although it appears 
from the scanty news so far available that 
time did not permit of such precautionary 
measures being taken, especially as the 
operating chamber for the scour outlet was 
in the body of the dam, and reached only 
by a gallery. 
Power plant 


The power plant operated in connection 
with this dam is supplied by a pressure 
tunnel about 10 ft. in diameter and 8,900 
ft. long, followed by a pipeline, and the 
head on the turbines varies from 293 ft. 
to 360 ft., according to the reservoir stage. 
The power house contains two sets of 9,000 
kw. capacity each, operated by double- 
runner Francis turbines. 


Conservative design 


It is evident from what is known of 
this dam that it was of supposedly con- 
servative design, and provided with ap- 
proved drainage system. The total batter 
varies from about 0.76 at the top to about 
1.00 at the bottom. Exception might be 
taken to the economizing of cement by sub- 
stituting dry rock in the core of the dam, 
although the effect of this in the highest 
section of the dam is equivalent to a re- 
duction of less than 3 per cent in the mean 
weight of dam material. The omission of 
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contraction joints, which seems to be the 
case, would also deny the dam any possible 
support from arch action, although with 
such a large radius this action is doubtful, 
particularly in the lower portions where it 
is needed. 


Probable cause of failure 


Any statement of the probable cause of 
failure can at present be only tentative, 
but since the dain is built on metamorphi 
rock of the nature of serpentine, it seems 
evident that sliding took place due to over- 
load. It appears that the cloudburst was 
so sudden and of such proportions that no 
precautions could be taken, and it is con- 
ceivable that timber and rubbish brought 
down by the flood wave partially blocked 
the siphon spillways, which would nor- 
mally discharge most floods with com- 
paratively little rise of water level. The 
sliding factor of the dam as built, with 
water to crest level and no backwater, 
would be 0.56. This is based on a weight 
of concrete of 150 Ib. per cu.ft. and of 
packed rockfill of 120 Ib. per cuft. <A 
depth of 30 ft. of backwater would have 
the effect of increasing the sliding factor 
to 0.64, which is a dangerously high value 
for a foundation rock of this nature. A 
possible flow of water of say 3 ft. over 
the crest, due to partial blockage of th 
spillways, would further raise the sliding 
factor to 0.67. Shear stress on the con- 
crete is not excessive. At the base it is 
39 Ib. per sq.in. and at the level of the 
floor of the lowest chamber 58 Ib. per 
$q.in. 


Washington Highlights 


By Paul Wooton 


Action of the Interstate Commerce Com- 
mission in allowing a 25 per cent reduction 
in the freight rates on lumber moving to 
destinations east of the Illinois-Indiana 
line is expected to have a stimulating ef- 
fect on building. Transcontinental carriers 
requested the reduction as an experiment 
to determine the effect of a substantial rate 
reduction on the volume of business car- 
ried, not only of the commodity involved, 
but all other commodities which would 
move if the freight reduction on a basic 
commodity stimulates a whole industry. 


A compromise reached in conference re- 
sulted in a real estate loan provision in the 
banking bill which is expected to contrib- 
ute to the stimulation of construction in- 
dustries. As agreed to in conference, real 
estate loans for terms not longer than five 
years may be made by national banks on a 
50 per cent valuation. Ten year loans may 
be made on a 60 per cent valuation when 
installment payments are sufficient to 
amortize 40 per cent or more of the loan 
within that period. 


The new banking act represents a fun- 
damental change in the Federal Reserve 
System. Under the new law it becomes a 
regulator of money supply rather than an 
agency to help banks in time of stress. 


A shortage of thoroughly skilled labor 
in certain trades is resulting in increased 
activity on the part of the Federal Com- 
mittee on Apprentice Training. During 
the depression the skilled labor supply has 
been reduced by one half. 


Washington, August 20, 1935. 
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B.&O. Exhibition Building 
Wrecked by High Wind 


The Transportation Building, one of 
several buildings erected by the Baltimore 
& Ohio R.R. at Halethorpe, near Balti- 
more, Md., in 1927 for its Fair of the Iron 
Horse was wrecked in a thunderstorm on 
Aug. 13. The building housed an extensive 
exhibit of railroad equipment including 
some original locomotives and cars, models, 
sketches and pictures. The building was 
completely wrecked and extensive damage 
was done to the exhibits by the falling 
walls and roof and by water. 

The building was 600x60 and about 18 
ft. high at the walls. The walls were of 
brick, of light construction, generally 2 
bricks thick. The roof was of corrugated 
iron supported by steel trusses anchored by 
bolts to the walls. The only large open- 
ings in the building were large doors at 
the easterly end through which two tracks 
passed, and they were closed. The wind, 
estimated at 60 m.p.h., was from the south- 
west. 

The position of the roof and of the fallen- 
walls indicates that the collapse began by 
the westerly end of the roof being lifted 
bodily by suction and moved in a southerly 
direction, lifting part of the wall with it. 

Most of the walls collapsed but the roof 
trusses in falling landed on locomotives or 
cars at some points and so did not fall to 
the ground. 


Two Persons Drown as Bridge 
Over Mississippi Collapses 


The collapse of a 131-ft. approach span 
of the bridge across the Mississippi River 
at La Crosse, Wis., on Aug. 9 caused the 
death of two persons as they were trapped 
in their automobile. Francis Landrieu, an 
engineer for the United States Government 
on the Genoa dam below La Crosse, and 
Mrs. Landrieu were drowned. Lieut. F. S. 
Blinn, army engineer at the dam, driver of 
the car, and Miss M. Patre were able to 
get out of the car and were rescued. 

Collapse of the bridge span was due to 
its end post being struck by Lieut. Blinn’s 
car, a 12-cylinder sedan. 

The bridge was built by the city of La 
Crosse in 1892, but since then has been 
under the supervision of the state of Wis- 
consin. Temporary ferry service was insti- 
tuted across the river, but it was necessary 
to reroute automobile traffic over other 
bridges, the nearest of which are at Lans- 
ing, Iowa, 30 miles downstream, and 
Winona, 30 miles above La Crosse. 


Jersey City-Brooklyn Tunnel 
To Be Subject of Hearing 


A public hearing to develop opinions and 
information on a proposesd railroad freight 
tunnel under New York Harbor from 
Jersey City to Brooklyn will be held by the 
Port of New York Authority on September 
10. An underwater freight crossing be- 
tween Long Island and New Jersey was 
authorized and the general location was 
fixed, in the statutory plan for the develop- 
ment of the Port of New York as enacted 
by the states of New York and New Jersey. 
According to the Port Authority the con- 
struction for the tunnel is dependent upon 
the securing of satisfactory railroad lessees. 


Interstate Sanitation Board 
Holds First Meeting 


The first meeting of the members of the 
recently formed interstate sanitation com- 
mission, uniting New York, New Jersey 
and Connecticut in a joint effort to reduce 
pollution in the waters adjacent to these 
states, was held in New York City, August 
15. Although congressional consent must 
be granted before this group will become 
an official body, plans for action are now 
being formulated, pending federal approval. 
Legislation by New York and New Jersey 
supporting the measure has been enacted, 
and the latter state has already appointed 
five commissioners who will represent it on 
a board of 15 members. Until ratification 
is made by the Connecticut legislature, the 
water commission of that state has been 
given blanket authority to represent it. 

The legal status of the commission is 
not that of an engineering and construc- 
tion authority, but has been created to co- 
ordinate planning on pollution control ac- 
tivity between the communities which 
border on New York Harbor, Long Island 
Sound and adjacent waterways. The com- 
mission is permitted to bring suit to com- 
pel action by any corporation or municipal- 
ity and to demand a stated rate of progress 
on the construction of treatment plants. 
The newly formed commission may not bor- 
row funds, but it will aid in the preliminary 
surveys and plans which are needed before 
communities can obtain federal loans and 
grants. Annual sums for the administra- 
tion of the compact will be appropriated by 
the state legislatures and are not to exceed 
$15,000 each for New York and New Jer- 
sey, and’ $3,300 for Connecticut. Distribu- 
tion of costs will be made on the basis of 





Dorr Company Get Contract 
For Silt Removing Equipment 


Contract for the silt removing equip: 
to be installed” at Imperial Dam at 
head of the All-American Canal near Y: 
Ariz., has been let to the Dorr Com) 
Inc., New York, not to the Dow Com, 
as stated in our issue of Aug. 15. 
equipment will be built at the Denver ; 
of the Dorr Company. 





45 per cent for the first named states |,d 
10 per cent to be advanced by the latter 

Mayor LaGuardia stated that New Y ork 
City was ready to spend $100,000,000 +, 
carry out its part in the program. ||. 
pointed out that $2,000,000 had alr< 
been used for the construction of the Conc) 
Island sewage treatment work which is 1. 
treating 18 m.g.d. of sewage, and $25. 
000,000 have been approved for the coin 
pletion of the Ward's Island activated- 
sludge ‘plant. It is estimated by the cor- 
mission that $300,000,000 to $360,000 (i 
will be needed to clean up the metropolitin 
waters in accordance with two general 
classifications which designate the purity 
requirements of water areas used for nay: 
gation and those to be adapted for recre 
ational purposes and development of fish 
life. 

The executive committee for the com 
mission was named as follows: Joseph ) 
Day, chairman; J. Spencer Smith and 
J. Lester Eisner of New Jersey, Sandford 
Wadhams, director of the Connecticut State 
Water Commission and Gerald W. Knight, 
secretary of the commission and technical 
adviser to Gov. Hoffman of New Jersey. 


Works Program Applications Will Exceed 
PW£A’s Financing Capacity 


(Washington Correspondence) 


UNICIPAL PLANS for public 

works are rising to a volume greater 
than PWA can possibly finance. More 
than 3,000 project applications have been 
filed with PWA for grants and loans 
totaling $750,000,000. State PWA directors 
anticipate that twice as many more will be 
submitted within the next six weeks. 

Disillusioned by their experience with 
the CWA program two years ago, many 
communities are demanding that their 
projects be handled by PWA rather than 
WPA and are willing to bear 55 per cent 
of the cost to support their preference, even 
on projects that cost less than $25,000 and 
would ordinarily fall in WPA’s jurisdic- 
tion. 

Arrangements between PWA and WPA 
field forces, however, are much more har- 
monious than the relationship between 
these two organizations has been in Wash- 
ington. In many states, WPA officials are 
“graduates” of PWA offices. Nebraska 
and Illinois are reported to be sore spots 
but steps have been taken to remedy con- 
ditions which have held up programming 
in those states. 

“The policy of the whole administra- 
tion,” Administrator Ickes asserted this 
week, “is to favor PWA projects as that 
means a contribution by the communities 
for local improvements.” 


This statement received apparent con- 
firmation from WPA Administrator Hop- 
kins, who said that WPA will not under- 
take projects for which the communities 
are able and ought to borrow the moncy 
from the PWA. 

His attitude was plainly revealed when 
questioned concerning a report that Fre«- 
erick, Md., intended to switch a local pro)- 
ect from PWA to WPA. 

“You can bet your bottom dollar,” said 
Hopkins, “that if they withdraw that proj- 
ect from PWA, we won't do it.” This 
seems to be evidence that friction between 
the rival relief works agencies is at last 
disappearing. 

PWA headquarters in Washington have 
forwarded for President Roosevelt's ap- 
proval 974 applications for 45 per cent 
grants on projects estimated to cost $30,- 
603,343. Applications for 287 projects to 
cost $55,466,863 had been approved to 
August 16. 

WPA work programs have been submitted 
piecemeal for every state except Neva‘ 
and totaled $837,509,000 August 16. All«'- 
ments totaling $234,435,000 had been aj- 
proved for 33 states and approximately 
$170,000,000 had been actually released hy 
Comptroller General McCarl. Employment 
on WPA state projects is estimated at 
133,000 while that on federal projects 's 
estimated at 27,000. 
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Removal of Utilities’ Influence Considered 


In Granting Funds For Municipal Plants 


(Washington Correspondence) 
OCIAL DESIRABILITY of removing 


political influence of utilities in mu- 
nicipal affairs is a factor taken into con- 
sideration by PWA in extending grants 
for construction of municipal power plants, 
Administrator Ickes indicated on August 
20. Asked to explain PWA policy on 
loans and grants for municipal power 
plant construction where there is already 
an existing power service, Mr. Ickes said 
a city has as much right to decide it wants 
PWA money for a power plant as for 
municipal buildings or an airport. 

“The only thing we are interested in is if 
it can justify its request for a grant eco- 
nomically.” He continued, “Suppose you 
were a banker and a city came to you and 
said that it wanted to build a competing 
power plant and offered good bonds as 
security?” Asked if security was the only 
thing PWA was interested in in such 
grants, he added that social advantage is 
also taken into consideration. “A com- 
munity can afford to pay something to re- 
move from its political affairs the influence 
power companies sometimes exert,” he 
declared. “Illinois could have afforded to 
pay a high price to have gotten rid of 
Insull.” 


Government upheld 


The Administrator denied knowledge of 
a St. Louis court decision against a PWA 
loari for a municipal plant on the ground 
that it involved an improper delegation of 
legislative power. 

The right of the federal government to 
make loans and grants to municipalities for 
the construction of power plants was upheld 
on Aug. 20 by a decision rendered in an in- 
junction suit in the Tenth Circuit Court of 
Appeals at Denver. The Kansas Gas and 
Electric Co., of Kansas City, was denied an 
injunction restraining Independence, Kan., 
from building a municipal plant with federal 
funds. 

Among recent approval of allotments 
made by President Roosevelt is a sum of 
$1,650,909 for the construction of electric 
power plants in Iowa City, Iowa, and Dan- 
ville, Va., to be carried out by the PWA. 
For the Iowa City plant a sum of $413,000 
was allotted and the Danville project re- 
ceived an allocation of $1,237,909. These 
grants represent 45 per cent of the cost 
of the projects and the remaining 55 per 
cent, $504,000 for Iowa City and $1,513,000 
for Danville, will be financed by loans, 
making the total cost for the construction 
$3,667,909. The PWA will handle all 
details of drawing up the contracts, super- 
vising construction and disbursing funds. 

Danville, Va., already owns and operates 
its own electric supply system, but the 
present plant is becoming obsolete. The 
plans call for the construction of a dam 
and storage reservoir, a hydro-electric 
power plant and a 60-mi. transmission line 
to Danville. The franchise of the utility 
company now serving Iowa City has expired, 
and the allocation is to be used in the con- 
struction of a steam-electric power plant 
and distribution system. — 

According to Administrator Ickes the 
National Resources Board report on Okla- 
homa’s proposed $15,000,000 Grand River 





project has been sent to the White House 
for action by President Roosevelt who 
requested the investigation. The Admin- 
istrator also announced that he had _ re- 
ceived protests that construction of the 
Florida Gulf Canal at sea level would 
ruin all down-stream water in the state, 
but did not recollect from whom the pro- 
tests came. 


Flood control projects also approved 


The President also approved an_allot- 
ment of $2,039,700 to the Corps of En- 
gineers for ten flood control projects in 
Arkansas, Georgia, Kansas, Louisiana and 
Oklahoma. For increasing levees to an 
average height of 12 ft. for a distance of 
6 mi. along the White River, in Clarendon, 
Ark., a sum of $292,000 has been allotted. 
For improving four miles of levees in the 
Long Prairie district, Lafayette County, 
Ark., a sum of $22,000 has been allocated. 
An allotment of $596,500 has been made 
for increasing the cross-section of the river 
at critical points between West Point and 
Langdale, Ga.; the construction of an ad- 
ditional span in the highway bridge at 
West Point is also included in this work. 
For enlargement and extension of existing 
levees to protect Arkansas City, Kan., from 
floods of the Arkansas and Walnut rivers 
an allotment of $94,000 has been made. 
Construction of a small dam for flood con- 
trol on Black Bayou, Bossier Parish, La., 
will be carried on under an allocation of 
$125,000. For dredging of a pilot channel 
in the Red River in the same parish, a 
sum of $81,200 has been set aside. For 
other dredging and levee work in Louis- 
iana a total of $521,000 has been set aside, 
and for the construction of levees along 
both banks of the Arkansas River in Tulsa, 
Okla., a sum of $308,000 has been set 
aside. 


Highway allotments also approved 


Relief works projects approved by the 
President include the following: Drainage 
systems, Gray’s Harbor, Wash., $205,000; 
community sanitation program in twenty 
Utah counties, $410,284; Anchorage- 
Matanuska, Alaska, highway, $100,000; 
Highways in Matanuska Valley, $125,- 
000; Alabama Highway Commission, $1,- 
499,000; Wisconsin, various projects, 
$253,396; Oregon, various projects $138,- 
584; Colorado, various projects, $248,525; 
Vermont, various projects, $127,834; New 
Jersey, various projects, $373,706. 


Only one Rhode Island project defeated 


Applications covering $7,300,000 of build- 
ing construction by the state of Rhode 
Island have been filed with the PWA state 
engineer at Providence. The projects were 
authorized in a recent bond election when, 
contrary to premature reports, only one 
project eligible for PWA financing, a state 
auditorium to cost $825,000, was defeated. 
Other projects defeated were of the type 
that would have fallen under WPA, as 
they are not eligible either for PWA 
grants or loans, although designated on the 
ballots as PWA projects. 

For the authorized projects, grants of 
45 per cent from the new relief works 
appropriation will be supplemented by loans 
for the amount of the bond issues. 


SOCIETY CALENDAR 


AMERICAN PUBLIC HEALTH ASSOCt- 
ATION, annual meeting, Milwaukee, Wis 
October 7-10, 1935. 

NATIONAL SAFETY COUNCIL, annual 
congress, Louisville, Ky., October 14-18, 
1935. 

PUBLIC WORKS ENGINEERING CON- 
FERENCE, joint meeting of the Ameri 
ean Society of Municipal Engineers and 


International Association of Public 
Works Officials, Cincinnati, Ohio, October 
14-16. 


INSTITUTE OF TRAFFIC ENGINEERS 
Sixth annual meeting at Louisville, Ky., 
October 15-16. 

AMERICAN SOCIETY OF CIVIL ENGI- 
NEERS, fall meeting, Birmingham, Ala., 
Oct. 16-18. 

AMERICAN INSTITUTE OF STEEL CON- 
STRUCTION, White Sulphur Springs, 
W. Va., October 16-18, 1935. 

AMERICAN ASSOCIATION OF STATE 
HIGHWAY OFFICIALS, annual conven- 
tion, Miami, Fla., December 9-12. 

ROCKY MOUNTAIN SECTION, American 
Water Works Association, annual meet- 
ing, Denver, Colo., September 16-18. 

NEW ENGLAND WATER WORKS ASSO- 
CIATION, fall convention, Providence, 
R. L, September 17-20. 

NEW ENGLAND AND NEW YORK 
STATE SEWAGE WORKS ASSOCIA- 
TIONS, joint meeting at Schenectady, 
N. Y., October 4-5, 





EXAMINATIONS for registration of engi- 
neers and land surveyors will be held in 
the near future as follows: 

IOWA—By Towa State Board of Engineer- 
ing Examiners at the State House, Des 
Moines, Sept. 4-5. 

LOUISIANA—By Louisiana State Board 
of Engimeering Examiners at the offices 
of the Board, New Orleans, Sept. 9-10. 


Formation of Water Districts 
Favored by Three Utah Cities 


The formation of metropolitan water dis- 
tricts to finance and carry forward plans 
for additional domestic water supplies was 
approved by three Utah cities, Salt Lake 
City, Provo and Orem, at elections held on 
Aug. 15. The state legislature recently 
passed an act authorizing the creation of 
water districts and the law has been de- 
clared constitutional by the state supreme 
court in a friendly suit taken to the court 
in advance of the election. A district may 
include only one city or may include several 
contiguous communities. A district may 
issue bonds to finance new construction and 
has taxing power not limited by the debt 
limit of the communities within the district, 
but it is expected that the new work now 
under consideration can be financed by in- 
come from water sales without resort to 
taxation. 


Contractors Equipment Show 
Opened in Long Island City 


An exhibit of contractors’ machinery 
and equipment, sponsored by The Forsythe 
Equipment Co., Inc., was opened on Au- 
gust 16 and will run until September 16 
at 43rd St. and Northern Bivd., Long 
Island City, N. Y. 

Among the manufacturers who are rep- 
resented at the exhibit are the Manitowoc 
Engineering Works, Worthington Pump & 
Machinery Corp., Michigan Power Shovel 
Co., Novo Engine Co., Hercules Motor 
Co., American Steel & Wire Co., Cyclone 
Fence Co. The exhibit will feature a wide 
range of improved types of construction 
equipment, such as crawler shovels, cranes, 
truck shovels and cranes, portable air com- 
pressors, and rock drills. 
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Large Exhibition Building 
To Be Built in London 


One of the world’s largest permanent 
exhibition and entertainment centers is to 
be constructed in London, England, at an 
estimated cost of $6,000,000. The building 
will adjoin the Earls Court Station, a cen- 
trally-located junction on the Underground 
Railway System. The building site of 
about eighteen acres has been leased from 
the London Transport Board by a newly- 
formed company, Earls Court Ltd. The 
building itself will be a concrete structure, 
80 ft. high, providing more than twelve 
acres of exhibition space on two floors. 
An interesting feature of the plan is a pro- 
vision for a clear space of 24 acres on the 
ground floor, unbroken by columns. 

The building, which will provide seating 
accommodations for 25,000, will house such 
shows as the British Industries Fair, the 
Ideal Home Exhibition, Motor Show and a 
swimming pool 200 ft. by 100 ft. 





._ Personals 


FRANK G. MULLEN, who has been serv- 
ing as resident engineer inspector assigned 
to the Nashville, Tenn., waterworks proj- 
ect, has been appointed engineer examiner 
for the PWA in Tennessee. 


E. F. GALLAGHER, who has for five years 
been the engineer-manager of the New 
England District of the Brick Manufac- 
turers Association of America, has re- 
signed his position to be effective Aug. 31, 
and will take up duties as engineer with 
the New England Brick Co., Boston, 
Mass. He will be succeeded by Frederick 
Heath, Jr. 


Capt. Orvitte E. Wa tsn, Corps of 
Engineers, who had charge of Missouri 
River work at Hermann, Mo., to Rulo, 
Nebr., will succeed Capt. THEoporE Wy- 
MAN, JR., as assistant to Cor. R. C-. 
Moore, division engineer, at Kansas City. 
Capt. Wyman has been transferred to Los 


Angeles, where he will replace May. H. 
STICKNEY, who is to become Corps A 
Engineer at Baltimore, Md. 


W. T. BowMAN, county engineer, | 
titas County, Wash., for the past tw: 
years, has resigned to accept a positio: 
supervising engineer, Soil Conservat 
Service, in the district from Cashm: 
Wash., to Simnisco, Ore. 


A. C. Po.k, who -was vice president 
charge of construction operations for 
Allied Engineers, Inc., New York ( 
until 1931, has opened offices as a « 
sulting engineer in Birmingham, Ala. P 
vious to his nine years as president of + 
Dixie Construction Co. of Alabama, w| 
was later merged with the Allied | 
gineers, Inc., Mr. Polk was for 17 ye: 
with Sanderson & Porter, engineers of N 
York City. 

Joun L. Bacon, who has been SERA 
director for San Diego county, Calif., 
been named as chief engineer in charg¢ 
field operations of the California Wor 





CATWALK CABLES STRUNG ACROSS THE GOLDEN GATE 


Construction work on the Golden Gate 
bridge, San Francisco, Calif., enters a new 
stage as catwalk cables are strung across 
preparatory to the cable spinning. The 
footbridge cables for the Golden Gate 
bridge, totaling 25 in number, were placed 
between Aug. 2 and Aug. 15. Each cable 





was towed across the Gate separately and 
separately was hoisted from the bottom of 
the bay to the top of the 746-ft. towers. 
The cables are 1% in. im diameter and 
have a total length of 4,274 ft. in the 
4,200-ft. span. One of the accompanying 
pictures, showing the anchoring of feot- 


bridge cable no. 1, was taken on top of 
the north tower looking westward toward 
the horizon on the Pacific. The other 
view, taken from Old Fort Point, on the 
south side of the bay, shows the completed 
towers with the rigging for the cable 
Stringing work in place at the top. 
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Progress Administration, with headquarters Black & Veatch at the beginning of this 
in San Francisco. Mr. Bacon is a former year, Mr. Wyatt was an assistant engine 





complete plan for flood prevention on Ver- 
‘r mont streams and has made reports on the 










mayor of San Diego, and during the war for the water conservation department, water resources of the streams flowing 

was a captain of engineers. Kansas, on acid mine water pollution of into the Atlantic Ocean, north of the 
‘ 5 3 southeastern Kansas streams. Susquehanna River, for the National Re- 
Cart A. BAver, engineer examiner of 


; APM sources Board 
public works in W ashington, has been ap- RicuHarp S. HoimaGren, chief assistant 


pointed as Illinois director of the PWA_ engineer for H. K. Barrows, Boston, Francis H. Drvyben, city enginee 

by President Roosevelt. For several years Mass., has been named chief engineer of | Salisbury, Md., has been appointed State 
Mr. Bauer was general superintendent of the New Hampshire Water Resources Works Progress Administrator for Mat 

construction for the Chicago Transfer Board. The New Hampshire Water Re- land. He succeeds JonN N. Mackatt 








Clearing Co., and for 12 years was archi- sources Board, which was established June who recently resigned. Mr. Dryden served 
tect and engineer for a plow manufactur- 19, 1935, is to investigate facilities for as assistant general superintendent of con 
ing concern in Racine, Wis. storing surplus water and for conserving struction at the Niagara Falls power plant 

and controlling it. In 1927-28 Mr. Holm- prior to becoming city engineer of Salis- 


Wenpett C. Wyatt has been appointed gren was district water supply engineer on bury. He also has served as consulting 


resident engineer for Black & Veatch, con- hydraulic studies for the metropolitan dis- ens 


gineer for a number of municipalities in 
sulting engineers, Kansas City, Mo., on a_ trict water supply commission of Boston Maryland and Delaware and as a member of 


sewage disposal project in Hot Springs, on the Swift River diversion project and the Water Resources Commission of Mary- 
Ark. Previous to joining the firm of following the 1927 flood he developed a land | 













CONSTRUCTION STATISTICS OF THE WEEK 
















NGINEERING construction awards for the week total $29,- tucky, $1,625,000; grade crossing elimination by Staten Island 
438,000 which is fifteen per cent higher than the average week Rapid Transit Railroad Co., Staten Island, N. Y., $631,000; serv- 
to date but below the two preceding record high weeks. This ice grease catcher and galleries building at Easterly Sewage 
total is made up of $2,956,000 for private construction and $26,- Treatment Plant, Cleveland, Ohio, $829,000; Lock 14, Mississippi 
2,000 for public work of which $15,184,000 is federal and River, LaClair, Ia., $1,186,000; desilting works, All-American 
$11,298,000 state and municipal. Corresponding values last year Canal, Yuma, Ariz., $565,000; dredging San Diego Bay, San 
were: total $18,271,000, private, $3,382,000, public, $14,889,000, Diego, Calif., $1,217,000; Lock 2, Caloosahatchee River, Moore 
of which federal was $5,719,000, state and municipal $9,170,000. Haven, Fla., $637,000; three dredging awards for New York-New 
Earthwork and waterway awards again account for the high Jersey channels, $3,154,000; dam 7, Mississippi River, LaCrosse 
volume to the extent of $12,326,000. Streets and roads con- Wis., $1,946,000 and relocating B & O R. R., by U. S. Engineers 
tribute the next highest volume with $5,954,000, a drop from on account of Bolivar Reservoir, Zanesville, Ohio, $449,000. 
last week but higher than preceding weeks. Public buildings New capital for the week includes $3,245,000 in state and mu- 
dropped to $4,850,000 for the week while waterworks, sewerage, nicipal bond sales, $25,744,000 in PWA allotments for non-federal 
bridges, industrial buildings, commercial buildings and unclassi- work and $85,257,000 for federal work including the WPA per- 
fied all hit close to the $1,000,000 mark. centage for larger construction operations, and $59,868,000 for 
The larger awards for the week include an 8-story jail in 351 public building projects to be paid out of $60,000,000 emer- 


New York City, $754,000; U. S. Post Office, Wilmington, Del., gency construction fund authorized under the Second Deficiency 
$686,000; highway awards by Michigan, $1,473,000 and by Ken- Act approved August 12, 1935, 
















CONTRACTS 
(Thousands of Dollars) 


Weekly Average Week 
August Prev.4 Aug.22 
1934 Weeks 1935 


Federal Government $6,382 $12,050 $15,184 
State and municipal 11,400 12,540 11,298 


Total public ..... $17,782 $24,590 $26,482 
Total private .... 4,041 7,310 2,956 


Week's total ....$21,823 $31,900 $29,438 
Cumulative to date: 
1934. ..$903,418,000 1935...$875,260,000 CU IVE C 
NEW PRODUCTIVE CAPITAL nt nacre ee) 
(Thousands of Dollars) CONTRACTS AS : 
Week Cumu- aye 





































1935 Aug.22 lative 
State and municipal... $3,245 $262,145 
PWA allotments, S&M. 25,744 274,016 
PR Scr es wean 36,084 
Corporate issues ...... ..... 18,124 
eo ll RES roe 8,629 
Local contrib. to WPA. 508 3,464 





Total non-federal ... $602,462 
PW SONOS be cewseee § 804,560 

Total new capital. .$114,754 $1,407,022 
Cumulative to date 


1934. . $1,083, 936, 000 1935. - $1,407,022,000 


Note: These figures include private bonds, 
and stocks sold for productive purposes ; 
state and municipal bonds for construction ; 
PWA loans and grants to states and munic- 
ipalities, including the special highway 
funds; PWA private loans, and allotments 
for federal construction, deficiency act 
funds. .An arbitrary percentage (25%) of 
the WPA allotments and local contributions 
to WPA work is included to allow for the 
capital additions through the Works Prog- 
ress Administration division of the new 





































program. 
INDEX NUMBER 
ENR 1913 1926 FNR 1913 1926 
oa = 100 = 100 Volume = 100 = 100 
ug., 1935. are eee eee: ak 42 
iu 1935...195.18 93.82 June, 1935...122 54 
ei 1034... 198.40 95.37 July, 1934... .128 56 
1934(Ay.)... 198.10 95.23 1934(Av.)...114 50 
1933(Av.)...170.18 81.80 1933 net 102 47 
1932(Av.).. 97 75.45 1 127 


ii 


eee 
in al 
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Current Construction Unit Prices 





Pneumatic Caissons for Corewall 


ONSTRUCTION of 37 pneumatic caissons, each 9 ft. 

wide by 45 ft. long, began in May, 1935, with the award 
of contract by the Boston Metropolitan District Water Supply 
Commission for the building of the concrete corewall for the 
main dam of Quabbin Reservoir. 

The present contract is scheduled for completion in 19 
months and provides an interesting unit-price comparison with 
the same type and size caissons erected for the corewall of 
Quabbin Dike, the construction of which began in January, 
1933. On a caisson unit basis, the previous corewall contract 
cost approximated $36,270 each for the 27 caissons sunk for 
the dike compared with the present indicated unit cost of 
$35,970. 

Nine bids were received ranging from the contract low of 
$1,330,765 to a high of $1,818,000. West Construction Co., 
who were the successful bidders on the dike corewall, were 
fourth on the present set-up. The following tabulation lists 
the quantities, unit prices and comparisons as indicated above: 
(A) C. J. Maney Co., Inc., Boston, and B. Perini & Sons, Inc., 
Framingham, Mass., combined bid and contract, $1,330,765. 
(B) Dominicn Construction Co., Boston, Mass., $1,406,104. 
(C) West Const. Co. (December, 1932, units on Quabbin 
Dike, ENR, Jan. 12, 1933). 


PNEUMATIC CAISSON COREWALL, QUABBIN RESERVOIR 


A B Cc 
1. Clearing and grubbing—25 acres... .. $75.00 $90.00 ies cee Dk. 
2. Earth excavation, open-cut— 230,000 cu. yd. .65 . 26 19 
3. Rock excavation as boulders, open-cut— 
DIR i gions 5% b's cook tae s cwaee 65 55 50 
4. Rock saerenen as ledge, open- -cut—6, 000 
acca 7.50 6.00 8.00 
5. Strip an CUO eted 65 28 ~20 
6. Einbuninent iia 40,000 cu.- ; $ 
SW aN h Siave stolen ace habs Sv a ateealil a ais ae -0 1 -10 
7. Binnie st, pervious consolidated— 190,- 
Sere ce -05 -09 12 
8. Sushanhenent. rolled impervious, eore— 
PB ansaid csc cab ee aes - 60 Sic cee cheek 
9. Embankment, squat impervious, non-core 
—40, Sea ae . 60 - 60 36 
10. Stone fille— 65, O00 cu. yd. 1.00 77 45 
11. Pumping — price xed) —(mil. ‘ft. -gal.— — 
300,000 SS SOR Be as eo .10 .10 .10 
12. Control iis waters— lump sum........ 4,600.00 10,000.00 5,600.00 
+3. th excav. corewall, bottom open-cut to 
300— 35,000 cu.yd.......0..2.23-4. 7.00 7.00 5.85 
14. Earth excav. corewall, below El. 300—5,000 
GRIES Seris Uns xe Rc a eae 7.00 15.10 13.00 
15. Rock excav. caissons, above El. 300— 3,000 
cu. yd 11. 0€ 9.50 9.00 
16. Rock excav. caissons, below El. "300—i, 000 
WOME. os Shales cies bebo eae oe 11.00 20.00 14.00 
17. Rock excav. corewall, below open-cut, non- 
caisson—300 cu.yd.............. 10.00 10.00 8.00 
18. Prepare rock cael caissons, above El. 300 
ete PO eb svi soo kk oun bevueES 2.00 9.00 2.00 
19. Prepare rock surface, caissons, below El. 300 
ES 6 ras clas (ud buice cagaea ee 2.00 9.00 5.00 
20. Prepare rock surface, non-caisson— 600 
eS RS RAIA Gere eer es 2.00 4.00 1.00 
21. Concrete, not under air ’ pressure—50, ~— 
Mes dc: 6.00 7.40 5.60 
22. Conareta under air pressure— 7,000 cu. Lyd... 6.00 6.70 5.50 
23. Impervious fill, caissons—5,000 cu.yd...... 1.00 1.08 1.00 
24. Impervious fill, corewall, below aoa, 
non-caisson—300 cu.yd...............+ 1.00 .68 .65 
25. Drill holes, rock, masonry— 12,000 lin.-ft... . 80 1.40 1.00 
26. Furnish, place grout— 1,000.cu.yd......... 11.00 15.00 7.00 
27. Portland cement—90,000 bbl a Ne 2.20 2.70 2.70 
28. Maintain highway—lump DMM re ress 2,000.00 2,500.00 ...... 33 
29. Maintain engineer's office— 19 months 60. 00 200.00... ta; 
30. Clean-up—lump eum. “ ... 1,000.00 2,500.00 1,000.00 





Dam No. 26, Mississippi River 


AM 26, on the Mississippi River near Alton, IIl., the 
largest unit to date of the canalization program of the 
upper Mississippi, is now under construction with the award 
of contract in April to the low bidder, Engineering Con- 


struction Co. of New York, N. Y. This dam will ha 
four roller gates and will be similar in construction to oth 
under way and contemplated on the Mississippi. The ran; 
on the four bids submitted was from the contract low 
$4,865,717 to a high of $5,791,971. The project comes und: ; 
the jurisdiction of Capt. B. M. Harloe, U. S. District Eng 
neer, St. Louis, Mo. Following are the totals and un: 
prices of the three low bidders: (A) Engineering Co»- 
struction Corp., New York, (contract) $4,865,717: (8) 
United Construction Co., Winona, Minn., $5,062,027. 
(C) Dravo Contracting Co., Pittsburgh, $5, 494, 431. 


UNIT PRICES—DAM NO. 26, MISSISSIPPI RIVER 


————— Bidder_______ 











Item A B Cc 
1. Cofferdam— 1,816 lin.ft. work enclosed. . $300:00 $324.27 $330.00 
2. Clearing—95acres.................... 60.00 52.57 70.00 
3. Excavation, common—85,300cu.yd..... . 60 .60 2.00 
4. Excavation, top soil—30, 600 cu. Es nas<cue .30 39 . 50 
5. te de Mic el tice eee a 1.00 1.25 30 
6. Embankment, earth—347,000cu.yd..... 30 ia . 69 
7. Piling, round timber—419, 000lin.ft...... oe .57 .70 
8. Piling, concrete— 1, SMe 3.00 2.63 3.00 
9. See ceeenenty type A—92,500 aq 1.40 1.49 1.60 
10. A pr ae oe B—i18,000ea %. 1,05 1.12 1.20 
VW. oading tests—33,each............. 500.00 484.76 200.00 
12, Toke ae iniaek te. 8M.B.M..... 150.00 197.13 300.00 
13. Timber, oak, white—22.5M.B.M....... 140.00 130.21 220.00 
14. Lumber, mattress—384M.B.M.. 90.00 71.61 80.00 
15. Stone, derrick — 24,000cu.yd....... 3% 7.00 5.23 6.00 
16. Stone, riprap— 20, 500 cu. Me bevei cere 7.00 5.31 6.00 
17. Stone, crushed—6,300cu.yd............ 4.20 3.84 5.00 
18. Concrete, class A—3,880cu.yd.......... 25.00 29.53 25.00 
19. Concrete, class B—94,900 cu a eee 12.75 13.17 16.00 
20. Structuralsteel, service bridge — 2,035, 000 
ss on. Celecwacry sent se aa nnna ae -06 - 0586 -06 
c ee a er gate, movable parte— 
ROD OUEIs che Gesielcat ohak phaneky sxe .09 -093 .09 
22. Struct. steel, tainter gate, movable parts 
— 5, 300,00: SOND. go eke. a: .08 . 0825 -065 
23. Struct. steel, misc.—2,290,0001b.. |||. .07 .075 -092 
24. Steel, concrete reinforcing— 2,714,000 Ib. . 05 .051 -06 
25. Steel, corrosion-resisti 105,000Ib..... 45 48 - 50 
26. Steel; struct. nickel—69,0001b . .09 118 sud 
27. Steel, cold-rolled— 448,0001b i 15 12 
28. Steel, machine—3,960Ib............... .20 . 26 ate 
29. Steel, chromium—478,000Ib............ -10 .096 282 
30. Steel, manganese—163,000Ib..........- -06 £079 :07 
31. Steel, struct. forged eyebars—700,000 Ib. . .10 . 10 ell 
32. Forgings, steel, reg carbon—151,000 ‘is . 
SSS REMEGED UES 64.0 CCU ede head > 6.0060 . ‘ 16 
33. Forgings, steelalloy—276,000Ib......... 13 15 14 
34. Castings, steel, grade *‘O’’—82,600 .08 .099 .10 
35. Castings, steel, grades | 2,394,006. om . 138 ae 
36. Castings, alloy steel—68,6001b,......... 20 243 123 
37. renee 49 DE asi ey atans chew .40 .525 .40 
38. Cape —-S.POUED, oo ccccdccwssve 50 54 
9. Non-ferrous metals, misc —9,3201b...... .50 .39 225 
3a Pipe, steel, black std. 2in—73lin.ft... 3.00 2.10 1.00 
a. Sn oe black, std. 2}in.—160lin.f a 3.50 2.37 2.00 
41. black, std. 3in.— 1,340 lin. ft... 3.60 2.02 2.00 
42. Cache fbee 34 3in.—1,690linft......... 60 .63 ; 
43. Conduit, fibre, 44in. wheter... oi . 1.00 1,13 1.00 
44. Conduit, rigid metal, l in.—60lin.ft..... < 1.00 92 .70 
45. Conduit, rigid metal, 14in.—2,310lin.ft. . 1.20 .70 
46. Electrical nding system—total io steak 500.00 241.81 250.00 
47. Crane rack, 80 Ib. rail, complete— 1,890 
re ee a oa pd nee Zk wy 5 Cee ee 3.00 3.94 3.60 
48. Handrail, steel pipe, complete—2,030 
IR es ree 6 oo a ee 2.00 2.63 3.00 
> peas —— >. -055 .072 .075 
. Floor teel, w or riveted— 
007, 5008a ft. Coe wah Hes ee eth we due ee 1.00 1.31 1.50 
51. Dubbwere, moulded— 26,300Ib...... . . 80 1.05 .90 
52. oe ee, Wein. dia.—44lin.ft...... 1.00 1.31 1.00 
53. Rope, braided cotton, lin.—1,000Ib..... .10 13 1.00 


54. Operating machines; roller gate, incl. 
ee nr elec. equipt., wiring— 


S285 be eda ued Cae h een oS 24,300.00 20,107.00 21,400.00 

55. ere boccscwess 12,500.00 13,142.00 12,900.00 
er gate ra’ ouse, complete— 

Tg ST a mene oS Sats 6,000.00 7,090.00 6,300.00 
57. Oceana machines; tainter gates, inc! 
hoisting chains, elec. motors and brakes 

—30,eachgate.................5-- 13,766.00 15,560.00 12,000.00 

58. ee eer eee. puisnaals 13,500.00 14,945.00 10,800.00 
59. heati item, com: 6 ler 

he Sete 3,000.00 4,074.00 2,500.00 

60. a Sor eanee tes—16,each gate. .... 600.00 920.00 550.00 
61. — station structure, com- 


Rae ia ok sa Wh ow bg wis 25,000.00 28,379.00 23,000.00 


Sti eG SOLAS peek La Re haw hewes 700.00 352.20 400.00 
63. Temporary congiruction buiidings—total 2,500.00 3,718.00 5,000.00 


64. Movetelephonelines—total............ 600.00 1,323.00 1,000.00 
65. Installl ocomotive crane on service bridge 
—Z,each...........6.. eae i <n ss cies 1,500.00 1,051.00 1,200.00 
" flat , 
Ta eee 700.00 553.00 500.00 


67. PS concrete specimens— 100 lin.ft.. 20.00 26.28 6.00 








